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MEASURING  THE  TEMPERATURE  OF  GASES  IN 

BOILER  SETTINGS. 


By  Henry  Kreisixqer  and  J.  F.  Babkuct. 


INTBODirCTIOH. 

This  book  is  one  of  a  series  of  pjublications  being  issued  by  the 
Bureau  of  Mines  for  the  purpose  of  disseminating  information  in 
regard  to  the  methods  by  which  the  fuels  in  this  country  may  be  used 
most  eflSciently.  A  knowledge  of  the  temperature  of  the  gases  in 
boiler  settings  and  in  other  commercial  apparatus  using  heat  tends 
to  develop  improved  designs  of  apparatus  and  better  methods  of 
operation,  thus  reducing  waste  of  fuel.  The  following  pages  present, 
for  the  benefit  of  those  designing,  operating,  and  testing  such  ap- 
paratus, information  as  to  the  accuracy  of  temperature  measurements 
made  under  certain  conditions  and  the  corrections  that  can  be  safely 
applied. 

SCOPE  07  BEPOBT. 

This  bulletin,  which  may  be  considered  a  companion  to  Technical 
Paper  80 «  and  to  Bulletin  97*  is,  like  those  two  publications,  in- 
tended primarily  for  boiler-room  operators  or  testing  engineers. 
Also,  it  may  be  found  helpful  to  men  in  other  industrial  estab- 
lishments where  measurements  of  the  temperatures  of  gases  are 
desirable.  The  bulletin  presents  the  results  of  a  series  of  measure- 
ments of  the  temperatures  of  gases  in  the  most  common  types  of 
boilers,  discusses  the  errors  occurring  in  the  usual  methods  of  meas- 
urement, and  gives  directions  for  making  and  using  inexpensive  ther- 
mocouples to  determine  flue-gas  temperatures.  In  these  directions 
only  such  tools  are  recommended  as  are  available  in  an  ordinary 
boiler  plant. 

The  reader  should  remember  that  the  degree  of  accuracy  of  gas- 
temperature  measurements  depends  more  on  the  judgment  of  the 
user  than  on  the  correct  calibration  of  the  temperature-measuring 

•  Kreisinger,  Henry,  and  Ovits,  F.  K.,  SampUng  and  analysis  of  flue  gases:  Bull.  97, 
Bureau  of  Mines,  1015,  88  pp. 

^Krelslnger,  Henry,  and  Orltx,  F.  K.,  Sampling  and  analysis  of  flue  gases:  Bull.  97, 
Boieao  of  Mines,  1916,  70  pp. 
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VtQxmm  6. — Cotres  showing  temperatares  of  gases  flowing  throogh  a  donble-pass  Heine 
boiler.  Positions  of  tbermocooples  and  path  of  gases  are  Indicated  In  flgare  6.  Solid 
cnrres  show  temperatures  Indicated  by  couples;  dotted  ciure,  approzlmattt  true  tem- 
perature of  gases  as  computed  from  experimental  data;  dashed  carve,  computed 
Triodtj  of  gases  as  they  pass  through  boiler  setting.  Uppar  and  lower  dUgtama  show 
iimuar  data  tor  two  dift^rtat  UUtUU  temptnUant. 


SOUBCES  OF  EBBOB. 

Heating  surface  of  tubes square  feet—  1, 897 

Number  of  steam  drums i 1 

Length  of  steam  drum feet 22 

Diameter  of  steam  drum Inches 42 

Approximate  effective  surface  of  drum  and  legs-.square  feet—      103 
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TESTS   WITH   PARKER   BOILER. 

The  results  of  experiments  with  a  Parker  boiler  in  the  power  plant 
of  the  experiment  station  of  the  Bureau  of  Mines  at  Pittsburgh,  Pa., 
are  shown  in  figure  7.  A  cross  section  of  the  boiler  is  shown  in 
figure  8.  The  boiler  was  equipped  with  a  chain-grate  stoker.  The 
positions  of  the  thermocouples  are  indicated  by  the  small  circles 
designated  A  U)  D.    The  hot  junctions  of  the  couples  were  within  6 

lOOQO*— 18— BuU.  145 3 
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IBNGTS^F  PATH  OF  GASES  FROM  POSmON/OF  THEEMOOOUPLE  A,  FEET 

FiouBB  7. — Cmres  showing  temperature  of  gases  flowing  through  a  Parker  boiler.  Posi- 
tions of  tliermocoaples  are  indicated  in  figure  8.  Solid  cunres  show  temperatures  in- 
dicated by  thermocouples ;  dotted  curves,  approximate  true  temperature  of  gases  as 
computed  from  experimental  data;  dashed  curve,  computed  velocity  of  gases  as  they 
pass  through  boiler  setting.  Upper  and  lower  diagrams  show  similar  data  for  two 
different  initial  temperatures. 
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inches  of  a  point  midway  between  the  side  walls.    The  principal  di- 
mensions of  the  boiler  are  shown  in  the  following  table: 


DimenHofu  of  Parker  hotter  used  in  tests. 
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Total  number  of  tubes 

Number  of  horizontal  rows 

Number  of  vertical  rows 

Diameter  of  tubes,  inches 

Length  of  tubes,  feet 

Heating  surface  of  tubes,  square  feet 2, 150 

Number  of  steam  drums 1 

Length  of  steam  drum,  feet 20 

Diameter  of  steam  drum,  inches 48 

Approximate  effective  surface  of  steam  drum,  square  feet—       50 
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TESTS  WITH  STIRUNG  BOIIiER. 

Figure  9  shows  results  of  tests  with  a  Stirling  boiler  in  the  power 
plant  of  the  Carnegie  Technical  Schools,  Pittsburgh,  Pa.  A  cross 
section  of  the  boiler,  which  was  fired  with  natural  gas,  is  shown  in 
figure  10.  The  positions  of  the  thermocouples  are  indicated  by  the 
small  circles  designated  A  to  F.  The  hot  junctions  of  the  couples 
were  within  6  inches  of  a  point  midway  between  the  side  walls.  The 
dimensions  of  the  boiler  were  as  follows: 

Dimensions  of  Stirling  hotter  used  in  testa. 

Total  number  of  tubes 240 

Diameter  of  tubes,  inches 8A 

Number  of  tubes  across  front  of  boiler 20 

Total  heating  surface  of  tubes,  square  feet 2,850 

Diameter  of  steam  drums,  inches 42 

Length  of  steam  drums,  feet 121 

Diameter  of  mud  drum,  inches 42 

Length  of  mud  drum,  feet 10 

Approximate  effective  surface  of  drums,  square  feet 200 

Number  of  coils  in  superheater 32 

Length  of  colls  in  superheater,  feet 9 

Diameter  of  pipe  in  coils  of  superheater,  inches 4 

DESCRIPTION  OF  THERMOCOUPLES  USED  TO  DETECT  RADIATION  ERROR. 

In  the  measurement  of  temperatures  two  kinds  of  couples  were 
used :  Copper-constantan  couples  for  temperatures  below  500°  C,  and 
platinum  and  platinum-rhodium  couples  for  all  temperatures  higher 
than  600^  C.  Two  of  the  same  kind  of  couples  were  clamped  to- 
gether. In  each  of  these  twin  couples  the  wires  of  one  couple  at  the 
hot  junction  were  0.008  inch  in  diameter,  and  the  hot  junction  of  the 
other  couple  consisted  of  tubes  approximately  0.5  inch  in  diameter. 
The  construction  of  the  twin  couples  is  shown  in  figure  11;  the 
upper  half  of  the  figure  represents  the  copper-constantan  twin  couple, 
and  the  lower  half  the  platinum  and  platinum-rhodium  twin  couple. 

The  leads  of  the  small  couples  of  both  kinds  were  made  of  wires 
0.025  inch  in  diameter.  To  one  end  of  these  wires  were  welded  small 
pieces  of  wire  0.008  inch  in  diameter,  these  small  wires  forming  the 
hot  junctions.  The  object  of  using  heavier  wire  beyond  about  half 
an  inch  from  the  hot  junction  was  to  strengthen  the  couple  and  to 
prevent  sagging  of  the  exposed  part.  The  thicker  wires  were  insu- 
lated with  small  porcelain  tubes.  In  the  copper-constantan  couples 
these  tubes  were  placed  in  standard  f -inch  iron  pipe,  and  extended 
the  full  leng;^h  of  the  couple,  to  the  cold  junction.  In  the  small 
platinum  couple  the  porcelain  tubes  were  placed  in  a  short  piece  of 
fused  silica  tube  fitted  into  the  end  of  a  water-cooled  holder  about 
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5  feet  long.  The  holder  was  made  of  three  concentric  thin-walled 
copper  tubes.  The  smallest  of  these  contained  the  thermocouple 
wires  with  their  insulating  porcelain  tubes.  By  proper  connections 
water  entered  the  annular  space  between  the  inner  and  the  middle 
copper  tube,  flowed  to  the  hot  end,  and  returned  between  the  middle 
and  the  outer  tube  to  the  outlet. 

The  outside  tube  was  only  three-fourths  inch  in  outside  diameter, 
making  the  holder  of  convenient  size  for  manipulation.  These  water- 
cooled  holders  took  the  place  of  expensive  and  brittle  porcelain 
tubes,  which  would  have  broken  easily  when  used  under  the  given 
conditions,  and  served  their  purpose  well. 

The  large  copper-oonstantan  couple  was  made  of  a  copper  tube 
0.550  inch  in  outside  diameter  and  having  a  wall  0.012  inch  thick. 
Into  one  end  of  this  tube  was  rolled  a  cup-shaped  copper  plug.  The  hot 
junction  was  made  by  peening  into  this  plug  a  constantan  wire  0.025 
inch  in  diameter.  This  wire  was  led  through  the  copper  tube,  from 
which  it  was  insulated  with  glass  tubing,  to  the  cold  junction  placed 
at  the  other  end  of  the  copper  tubing.  This  method  of  making  the 
hot  junction  was  mechanically  satisfactory  and  calibration  before 
and  after  the  couple  was  used  showed  that  its  thermal  electromotive 
force  remained  constant.  The  outside  surface  of  the  copper  tube 
and  the  surface  of  the  copper  plug  at  the  end  of  it  received  and  radi- 
ated the  heat. 

The  large  platinum  couple  was  made  of  wires  0.025  inch  in  diame- 
ter insulated  by  small  porcelain  tubes.  The  hot-junction  end  of  the 
couple  was  placed  in  a  silica  tube,  0.450  inch  in  outside  diameter  and 
about  11  inches  long,  and  having  one  end  closed.  The  open  end  of 
this  tube  was  fitted  into  a  water-cooled  holder  as  described  in  the  pre- 
ceding paragrapha  The  oiriside  surface  of  the  tube  received  and 
radiated  heat,  so  that,  neglecting  ih&  difference  in  the  coefficient  of 
emissivity,  the  reading  obtained  with  this  construction  was  about 
the  same  as  would  have  been  obtained  with  a  couple  made  of  a  large 
platinum  tube  similarly  to  the  large  oopper-constantan  couple.  The 
silica  tube  was  sufficiently  long  that  the  temperature  drop  due  to  heat 
conduction  along  the  tube  to  the  water-cooled  holder  was  so  small  as 
to  be  negligible.  It  is  well  to  state  in  this  connection  that  the  Bureau 
of  Standards,  when  calibrating  thermocouples  at  high  temperatures, 
uses  an  immersicm  of  26  cm.,  or  about  9  J  inches. 

The  cold  junction  of  each  couple  was  placed  in  a  water  bath  con- 
tained in  a  glass  vessel  clamped  to  the  cold  end  of  the  couple.  The 
vessel,  a  piece  of  glass  tubing  2  inches  in  diameter  and  about  6  indies 
long,  was  closed  at  both  ends  with  rubber  stoppers  having  perf ora* 
tions  in  which  were  inserted  small  glass  tubes  extending  frcnn  one 
stopper  to  the  other.  Through  the  small  glass  tubes  were  passed  the 
wires  of  the  couples,  the  cold  junction  being  placed  midway  between 
the  two  stoppers.    From  the  cold  junctions  the  copper  connections 
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FiooBB  0. — CorrM  tbowliig  temperaturet  of  fasM  flowing  throngli  a  Sttrllng  boiler. 
Potitioiis  of  thermocouples  are  Indicated  in  figure  10.  Solid  cnnres  show  temperature 
indicated  by  thermocooplee ;  dotted  curve,  approximate  tme  temperature  of  gaeea  aa 
computed  from  experimental  data ;  dashed  cunre,  computed  Telocity  of  gases  as  they 
paaa  through  boUer  setting.  Upper  and  lower  diagrams  give  similar  data  for  two 
different  Initial  temperatures.  Large  dot  shows  temperature  of  bridge  wall  as  measured 
by  optical  pyrometer  sighted  through  one  of  the  burners. 
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were  led  to  binding  poets  fastened  to  a  fiber  board.  A  thermometer 
was  inserted  through  the  free  end  stopper  for  the  purpose  of  measur- 
ing the  temperature  of  the  bath. 

A  portable  Leads  &  Northrup  potentiometer  was  used  to  read  the 
millivoltage  of  the  couples,  thus  giving  the  temperatures^ 
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KEDUCING  THE  RADIATION  ERROR  BY  SCREENING  THE  INSTRUMENT. 

The  radiation  error  can  be  reduced  by  screening  the  instrument 
from  direct  exposure  to  cold  surfaces.  The  screens  must  be  placed 
between  the  instrument  and  the  cold  surfaces  in  such  a  way  that  the 
hot  gases  come  in  contact  with  both  sides  of  the  screen.  Screens  of 
this  kind  were  used  in  many  of  the  steaming  tests  made  by  the  Bureau 
of  Mines  and  are  fully  described  in  Bulletin  23  <»  and  Bulletin  97.* 

«  Breckenridge,  L.  P.,  Kre'singer,  Henry,  and  Ray,  W.  T.,  Steaming  tests  of  coal  and 
related  InTestigatlons :  BUL  28,  Bureau  of  Mines,  1912,  pp.  82-88. 

*Krei8lnger,  Henry,  and  Oyitx,  F.  K.,  Sampling  and  analysis  of  flae  gases:  Bull.  07, 
Bureau  of  Mines,  1016,  p.  48. 


By  the  use  of  such  scnema  the  radiation  error  can  be  reduced  to  lees 
than  one-half  of  the  unprotected  instrument.  However,  in  many 
types  of  commercial  apparatus  the  use  of  screens  in  making  tem- 
perature measurements  is  impracticable. 
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DISADVANTAOE  OP  USING   EXPOSED   COTTPLBS. 


It  has  been  shown  id  the  preceding  discussion  that  a  thermo- 
couple having  its  hot  junction  exposed  to  the  gases  has  a  much 
smaller  radiation  raror  than  one  protected  by  a  porcelain  or  a  fused 
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silica  tube.  The  use  of  the  exposed  couple  has  the  drawback  of  the 
metal  being  liable  to  contamination  if  the  gases  are  not  clean.  The 
impurities  in  the  gases  may  onnbine  with  the  metal,  thus  changing 
its  nature.  Carbon  monoxide  will  form  carbides  with  platinum, 
but  will  not  affect  a  copper-constantan  couple.  The  danger  of  the 
exposed  part  of  the  couple  being  contaminated  is  particularly 
serious  when  the  temperature  of  very  hot  gases  containing  slag- 
forming  constituents  is  being  measured  as  in  all  apparatus  using  coal 
as  fuel,  and  in  metallurgical  furnaces  where  the  gases  may  contain 
fumes  from  the  molten  metal.  Prolonged  use  of  an  exposed  couple 
under  such  conditions  is  sure  to  impair  its  accuracy.  If  it  is  desir- 
able to  use  an  unprotected  couple  it  should  not  be  left  in  the  gases 
any  longer  than  is  necessary  to  take  a  reading.  The  thermocouple 
junction,  being  very  small,  is  heated  to  full  temperature  almost  in- 
stantaneously, so  that  the  reading  can  be  taken  immediately  after  the 
couple  is  inserted  into  the  stream  of  gases;  it  should  then  be  with- 
drawn. If  the  products  of  combustion  are  clean  gases,  such  as  result 
from  the  burning  of  natural  gas,  such  precautions  are  not  necessary. 
A  copper-constantan  couple  that  was  placed  in  flue  gases,  as  sug- 
gested on  page  57,  showed  no  change  in  calibration,  even  after  the 
wires  were  partly  oxidized  by  several  months  of  use. 

VABIATION  OF  TEMPEBATUBE  OF  GASES  AT  DIFFEBENT  POINTS 

IN  THE  SAME  CBOSS  SECTION. 

Even  though  it  may  be  possible  by  the  use  of  a  fine  couple  to  ob- 
tain the  correct  temperature  of  the  gases  at  any  one  point,  obtain- 
ing the  average  temperature  of  the  gases  at  any  given  cross  section 
of  their  path  is  difficult,  because  the  temperature  may  vary  widely 
at  different  points  of  the  same  cross  secticm.  These  variations  are 
due  chiefly  to  stratification  of  the  gases,  unequal  cooling,  and  per- 
haps infiltration  of  air  which  tends  to  cool  the  gas  next  to  the  wall. 

Variations  in  temperature  between  different  points  of  the  same 
cross  section  of  a  boiler  setting  are  shown  in  figures  12  to  15. 

EXPERIMENTB  WTTH  BABCOCK  A  VHUOOX  BOILEB. 

Figure  12  shows  the  variation  obtained  when  the  twin  couples  at 
E  and  G  in  the  Babcock  &  Wilcox  boiler  (see  fig.  2,  p.  13)  were  moved 
in  equal  steps  from  their  central  position.  The  twin  couple  at  E 
was  moved  1  inch  at  a  time  over  a  distance  of  1  foot  and  the  tem- 
t)erature  indicated  by  both  the  small  and  the  large  couple  was  read 
for  each  position.  The  upper  two  curves  of  the  figure  represent 
these  temperature  readings,  the  small  couple  reading  higher  than 
the  large  one.  The  small  couple  showed  two  kinds  of  variation :  A 
small  drop  in  temperature  for  every  6  or  7  inches,  corresponding 
19090^^18— BuU. 
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probably  to  the  spacing  of  the  tubes,  and  a  constant  gradual  drop 
of  temperature  as  the  couples  were  moved  nearer  to  the  wall.  The 
large  couple  shows  only  this  latter  variation. 

The  twin  couple  at  G  was  moved  in  steps  of  6  inches.  With  this 
couple  only  the  constant  drop  in  temperature  is  apparent,  the  varia- 
tion due  to  spacing  of  tubes  not  being  noticeable. 

The  couples  were  moved  and  the  readings  taken  in  rapid  succes- 
sion, the  entire  series  with  each  couple  not  taking  more  than  4  or  5 
minutes.  During  these  measurements  the  furnace  conditions  were 
kept  constant,  which  was  comparatively  easy  because  of  the  control 
of  the  gas  burners. 
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FfoUBi  12. — Cunree  showing  yarlations  of  temperature  at  different  points  of  the  same 
cross  section  in  a  Babcock  &  Wilcox  boUer  fired  with  natural  gas.  Upper  pair  of  curres 
represents  temperatures  obtained  by  moving  twin  couple  at  ^  1  Inch  at  a  time  from 
central  position ;  lower  pair,  temperatures  obtained  by  moving  twin  couple  at  O 
6  Inches  at  a  time.  Upper  curve  of  each  pair  represents  temperature  indicated  by 
small  couple ;  lower  curve,  temperature  indicated  by  large  couple. 
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EXPERIMENTS  WFTH  STIRLING  BOILER. 

Figure  18  shows  the  variation  in  temperature  when  the  twin  couple 
at  Z>  in  the  Stirling  boiler  (see  fig.  10,  p.  23)  were  moved  1  inch  at  a  time 
from  its  central  position.  The  upper  curve  gives  the  temperatures 
indicated  by  the  small  couple,  and  the  lower  curve,  the  temperatures 
shown  by  the  large  couple.  Both  couples  show  temperature  variation 
apparently  due  to  the  spacing  of  the  tubes,  and  also  a  gradual  temper- 
ature drop  as  the  hot  junctions  are  moved  away  from  the  center. 
While  these  readings  were  taken  the  furnace  conditions  were  kept  as 
nearly  constant  as  possible  by  using  the  same  number  of  gas  burners 
with  the  same  adjustment.  The  highest  and  the  lowest  temperatures 
recorded  by  either  of  the  couples  differ  by  60*^  C,  whereas  the  small 
couple  always  read  about  50®  C.  higher  than  the  large  one.  These 
variations  show  how  little  dependence  can  be  placed  on  a  reading 
obtained  with  a  thermocouple  inserted  at  random  into  a  boiler  setting. 
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EXFEfilMENTS  WITH  SINGLE-PASS  HEINE  BOIUSR. 

Figure  14  shows  the  temperature  variation  when  the  small  couples 
at  B  and  C  in  the  standard  single-pass  Heine  boiler,  shown  in  figure 
4  (p.  15),  were  moved  in  steps  of  6  inches,  the  couples  being  placed  in 
the  same  stay-bolt  holes  as  they  were  for  obtaining  the  data  shown 
by  the  curves  in  figure  3  (p.  14).  These  6-inch  steps  are  indicated 
in  figure  4  by  the  small  circles. 

Couple  B  showed  a  considerable  range  of  temperature  variation. 
The  maximum  temperature,  which  was  at  a  point  about  2  feet  from 
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FiouRB  13. — Carres  fihowlng  Tariaticms  of  temperature  at  different  points  of  the  same 
crosa  section  in  a  Stirling  boiler  fired  with  natural  gas.  Readings  were  obtained  by 
moving  the  twin  couple  at  D  1  inch  at  a  time  from  its  central  position.  Upper  curve 
represents  temperature  indicated  by  smaU  couple;  lower  curve,  temperature  indicated 
by  large  couple. 

the  inside  of  the  water  leg,  was  430*^  C.  higher  than  that  at  a  point 
4  feet  from  the  water  leg.  This  wide  variation  was  imdoubtedly 
caused  by  the  position  of  the  end  of  the  lower  baffle  and  the  sudden 
turn  of  the  gases.  It  seems  that  immediately  above  the  lower  baffle 
there  was  a  layer  of  comparatively  inert  gas  which  had  a  tempera- 
ture much  lower  than  that  of  the  stream  of  moving  gases. 

Couple  C  showed  a  steady  rise  in  temperature  as  the  hot  junctions 
were  moved  away  from  the  water  leg,  but  after  a  point  about  2  feet 
from  the  water  leg  was  reached  the  temperature  remained  nearly 
constant.  The  extreme  variation  in  temperature  shown  by  this 
couple  was  about  200**  C. 
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EXPEBIMENTS  WITH  DOUBLE-PASS  HEINE  BOILEB. 

Figure  15  shows  the  temperature  variation  under  similar  con- 
ditions in  the  two-pass  Heine  boiler  attached  to  the  hand-fired 
experimental  furnace.  Although  with  this  apparatus  the  furnace 
conditions  could  not  be  kept  as  constant  as  with  the  Jones  underfeed 
stoker,  the  thermocouples  when  moved  into  different  position  showed 
less  variation  in  temperature  than  was  found  in  the  single-pass  Heine 
boiler  with  the  Jones  stoker.  The  extreme  variation  shown  by  the 
couple  at  D  was  about  100°  C.  This  smaller  temperature  variation 
was  probably  due  to  the  higher  velocity  of  the  gases,  which  facili- 
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FiouBi  14. — Curves  showing  Tariations  of  temperature  at  different  points  In  a  standard 
single-pass  Heine  boiler  equipped  vrfth  a  Jones  underfeed  stoker.  Upper  curre  was 
obtained  by  moving  small  couple  at  B  in  6-inch  steps  to  a  point  4  feet  from  inside 
of  water  leg;  lower  curve,  by  moving  small  couple  at  0  in  same  way.  Positions  for 
each  reading  are  shown  by  the  small  circles  in  figure  4 ;  furnace  conditions  were  kept 
as  uniform  as  possible.  Large  circles  on  curves  show  positions  of  couples  when  data 
for  figure  3  (p.  14)  were  obtained. 

tated  mixing  and  therefore  a  more  uniform  temperature.  Beadings 
were  taken  only  with  the  small  couples.  The  position  for  each 
reading  is  indicated  in  figure  6  (p.  17)  by  the  small  circles. 

No  readings  for  different  position  of  the  hot  junctions  were  taken 
in  the  Parker  boiler. 


FLXJCTUATIGN  OF  TEMPEBATUBE  AT  ANTY  OKE  POINT. 

The  temperature  of  the  gases  at  any  one  point  in  the  boiler  setting 
may  fluctuate  rapidly  over  a  wide  range,  even  though  the  furnace 
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conditions  may  be  kept  very  uniform.    The  fluctuations  in  tempera- 
ture obtained  by  taking  readings  every  2  seconds  with  two  of  the 
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FiouRi  15. — Curves  showing  yarlaticns  of  temperature  at  different  points  In  a  double- 
pass  Heine  boiler  receiving  hot  gases  from  a  hand-fired  experimental  fnmace.  The 
four  small  couples,  B,  0,  D,  and  E,  were  moved  Into  different  positions  (shown  In  fig. 
6,  p.  17,  by  the  small  circles)  6  Inches  apart  and  a  reading  was  obtained  for  each 
position.  Each  curve  gives  temperature  indicated  by  couple  designated  by  the  letter. 
Large  circles  at  right  end  of  curves  shew  positions  of  couples  when  data  for  figure 
6  (pw  16)  were  obtained. 

small  couples  in  the  Babcock  &  Wilcox  boiler  are  shown  in  figure  16. 
The  upper  curve  connects  points  representing  readings  taken  with 
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FiouRi  16. — Curves  showing  fluctuations  of  temperature  at  points  A  and  C  In  the  Bab- 
cock &  Wilcox  boiler  shown  in  figure  2  (p.  13).  The  fluctuations  were  obtained  by 
reading  the  small  couples  every  2  seconds. 

the  small  thermocouple  of  the  twin  couple  at  -4  (fig.  2)  and  the 
lower  curve  those  obtained  from  readings  taken  with  the  small  couple 
of  the  twin  couple  at  C  (fig.  2).    The  two  series  of  readings  were 
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not  taken  simultaneously,  the  readings  for  the  lower  curve  being 
taken  immediately  after  the  readings  for  the  upper  curve,  but  the 
furnace  conditions  were  kept  the  same  for  both  series.  Only  the 
small  couple  of  each  twin  showed  large  fluctuations,  the  temperature 
indicated  by  the  large  couple,  which  was  noted  whenever  a  reading 
was  made  with  the  small  couple,  being  nearly  constant  and  consider- 
ably below  the  average  of  that  indicated  by  the  small  couple.  The 
maximum  temperature  fluctuation  shown  by  the  couple  at  il  was  about 
300°  C,  the  average  temperature  being  about  1,100°  C.  The  couple 
at  C  showed  a  temperature  fluctuation  of  about  50°  C.  and  an  average 
temperature  of  425°  C.  This  smaller  fluctuation  was  partly  due  to 
the  lower  average  temperature  and  partly  to  more  complete  mixing 
of  the  gases. 

TEMFBBATUBE  DBOP  OF  GASES  IN  FLOWING  THBOXJGH  BOILEBS. 
TEMPERATURE  DROP  THROUGH  TUBE  OF  A  HORIZONTAL  TUBULAR  BOXUSL 

The  temperature  measurements  given  in  figures  1,  3,  5,  7,  and  9 
afford  a  rough  comparison  of  the  t^nperature  drop  through  the 
various  types  of  water-tube  boiler.  In  order  to  make  this  comparison 
more  ccmiplete,  the  temperature  drop  of  the  gases  passing  through 
a  tube  of  a  gas-fired  horizontal  tubular  boiler  is  shown  in  figure  17. 

The  data  for  the  lower  set  of  curves  of  figure  17  were  taken  when 
the  initial  temperature  of  the  gases  was  1,200°  C.  and  the  boiler 
was  developing  1  boiler-horsepower  on  about  5  square  feet  of  heating 
surface.  The  upper  set  of  curves  is  based  on  data  obtained  with  an 
initial  temperature  of  800°  C.  and  when  the  boiler  was  generating  1 
boiler  horsepower  on  15  square  feet  of  heating  surface.  The  boiler 
was  operated  under  a  pressure  of  120  pounds  gage.  The  boiler  tubes 
were  2f  inches  in  inside  diameter  and  20  feet  long.  Temperature 
measurements  were  taken  in  one  of  the  tubes,  at  the  points  indicated 
in  figure  17  by  the  black  dots,  with  a  platinum  and  platinum-rhodium 
couple  having  an  exposed  hot  junction  0.012  inch  in  diameter.  Only 
the  temperatures  obtained  in  the  center  of  the  tube  are  given  in  the 
charts,  although  readings  were  taken  at  nine  different  points  along 
a  vertical  diameter.  The  true  average  temperature  of  the  gases  as 
they  passed  through  the  tube  was  determined  partly  from  the  tem- 
perature of  the  gases  entering  the  tube,  partly  from  the  average  tem- 
perature of  the  gases  after  they  left  the  tube  and  partly  by  correcting 
for  radiation  error  the  measured  temperature  in  the  tube.  The 
average  velocity  of  the  gases  was  calculated  from  their  average  tem- 
perature and  from  the  weight  of  air  and  natural  gas  used  as 
measured  with  an  orifice  and  a  gas  meter  before  the  air  and  gas  were 
fed  into  the  furnace.  The  average  temperature  is  correct  to  within 
less  than  5  per  cent  and  the  average  velocity  to  within  less  than 
10  per  cent. 
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Near  the  furnace  end  of  the  boiler  tube  the  true  average  tempera- 
ture was  higher  than  the  indicated  temperature  at  the  center  of  the 
cross  section  of  the  tube.    The  fact  that  the  true  temperature  was 
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FiouBi  17.— Carves  showing  yarlations  in  temperatare  of  gases  flowing  through  a  hori- 
lontal  taholar  boiler,  having  tubes  2%  Inches  in  internal  diameter,  fired  with  natural 

gas.    ^measured  temperatare  in  center  of  tube. . true  temperature  in 

center  of  tube. true  average  temperature  of  gases  in  tube. 


computed  velocity  of  gases. 


higher  was  due  to  the  high  radiation  error  of  the  thermocouple, 
caused  by  the  high  temperature  difference  between  the  thermocouple 
and  the  surfaces  surrounding  it,  and  also  to  the  fact  that  the  tern- 
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perature  of  the  gases  across  the  whole  section  was  nearly  uniform, 
making  the  average  about  the  same  as  the  temperature  at  the  center. 
On  the  other  hand,  near  the  exit  end  the  radiation  error  of  the 
thermocouple  was  small  because  of  the  small  temperature  difference 
between  the  thermocouple  and  the  surfaces  surrounding  it.  In  addi- 
tion the  indicated  temperature  of  the  gases  was  much  higher  at  the 
center  than  at  points  nearer  to  the  surface  of  the  tube,  so  that  the 
average  was  considerably  below  the  temperature  at  the  center.  For 
these  two  reasons  the  average  true  temperature  at  the  exit  end  was 
lower  than  the  indicated  temperature  at  the  center  of  the  cross  sec- 
tion of  the  tube.  The  larger  variation  in  temperature  across  the 
diameter  of  the  tube  nearer  to  the  exit  end  is  shown  in  figure  24 
(p.  47).  These  features  will  be  discussed  more  in  detail  in  a  forth- 
coming paper  to  be  devoted  to  heat  transmission  in  a  fire-tube  boiler. 
In  the  present  paper  only  enough  data  is  presented  to  make  possible 
a  comparison  of  the  temperature  drop  of  the  gases  as  they  flow 
through  boilers  of  different  types. 

COMPARISON   OP  THE  TEMPERATURE   DROP  OF   GASES  AS  THET   FLOW 

THROUGH  BOILERS  OF  DIFFERENT  TYPES. 

Comparison  of  figures  1,  3,  5,  7,  9,  and  17  reveals  the  fact  that  by 
far  the  greater  part  of  the  temperature  drop  occurs  in  the  first  one- 
third  of  the  gas  path.  This  drop  is  much  greater  in  all  the  water- 
tube  type  of  boilers  than  it  is  in  the  fire-t*ube  boiler ;  and  seems  to  be 
somewhat  greater  in  the  cross-flow  type  than  in  the  parallel-flow 
type  of  boilers.  The  steeper  temperature  drop  in  the  first  one-third 
of  the  gas  path  of  the  wat^-tube  types  of  boilers  as  compared  with 
the  fire-tube  boilers  is  very  likely  due  to  more  violent  mixing  of  the 
gases  as  they  flow  among  the  tubes,  the  flow  at  right  angles  to  the 
tubes  probably  causing  better  mixing  than  the  parallel  flow. 

It*  should  be  borne  in  mind  that  none  of  the  boilers  used  in  these 
investigations  are  purely  cross-flow  or  parallel-flow  type,  inasmuch 
as  in  both  types  successive  parts  of  the  gas  path  are  cross  flow  and 
parallel  flow,  as  can  be  easily  seen  by  following  the  paths  indicated 
in  figures  2, 4,  6,  8  and  10.  However,  the  five  boilers  may  be  grouped 
in  two  classes  in  which  one  or  the  other  type  of  flow  predominates. 
Thus  in  the  Babcock  &  Wilcox  boiler  the  cross-flow  parts  of  the  paths 
are  longer  than  the  parts  with  the  parallel  flow;  whereas  in  the 
Heine  and  in  the  Parker  boiler  the  parts  with  the  parallel  flow  pre- 
dominate. The  curves  for  the  temperature  drop  through  the  watfer- 
tube  boilers  have  a  very  pronounced  curvature  about  one-third  of 
the  distance  from  the  point  where  the  gases  enter  among  the  tubes. 
The  fire-tube  boiler  gives  a  much  smoother  and  straighter  curve, 
especially  when  the  initial  temperature  of  the  gases  is  low,  then  the 
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curve  almost  approaches  a  straight  line.  This  great  difference  be- 
tween the  shape  of  the  curves  for  the  two  types  of  boilers  indicates 
that  the  process  of  heat  transmission  is  much  more  complicated  in 
the  water-tube  than  it  is  in  the  fire-tube  boilers. 

DISCUSSION  OF  EADIATION  EEBOE. 

CAXTSES  OF  BADIATION  IN  MEASTTBING  TEMPEBATTJBES  OF  GASES 

IN  BOILEB  SETTINGS. 

When  it  is  desired  to  measure  the  temperature  of  water  or  any 
other  liquid,  a  mercury  thermometer  is  immersed  in  the  liquid  and 
the  instrument  in  time  acquires  the  same  temperature  as  the  liquid. 
If  the  liquid  is  hot,  heat  flows  from  it  into  the  instrument,  and  the 
temperature  of  the  latter  rises;  if  the  liquid  is  cold,  heat  flows  from 
the  instrument  into  the  liquid  and  the  temperature  indicated  by 
the  instrument  falls.  When  the  temperature  of  the  liquid  and  that 
of  the  instrument  are  equalized,  the  transfer  of  heat  ceases.  The 
instrument  loses  no  heat  except  a  negligible  amount  by  conduction 
through  the  stem  to  the  part  not  immersed  in  the  liquid,  and  there- 
fore indicates  the  true  temperature  of  the  liquid. 

In  measuring  the  temperature  of  gases  inside  of  a  boiler  setting, 
different  conditions  are  encountered  than  in  measuring  liquids.  If 
the  same  methods  are  followed  as  in  measuring  temperatures  of 
liquid,  serious  errors  may  be  introduced.  The  presence  of  the  cold 
heat-absorbing  surfaces  of  the  boiler  and  the  fact  that  gases  when 
clean  are  permeable  to  radiation  make  equalization  of  the  tempera- 
ture of  the  gases  and  that  of  the  instrument  impossible.  The  heat 
constantly  flows  by  convection  from  the  gases  to  the  instrument,  and 
from  the  instrument  by  radiation  to  the  cold  surfaces  of  the  boiler. 
Thereby  a  difference  between  the  temperature  of  the  gases  and  that 
of  the  instrument  is  maintained.  The  readings  obtained  imder  such 
conditions  represent  the  temperatures  of  the  instrument — ^the  mer- 
cury bulb  or  the  hot  junction  of  a  thermocouple,  as  the  case  may 
be — and  not  the  temperature  of  the  gases,  just  as  the  tubes  of  a 
boiler  are  not  at  the  temperature  of  the  gases,  although  in  direct 
contact  with  them.  The  boiler  tube  receives  heat  from  the  gases  by 
convection  and  gives  it  off  by  conduction  and  convection  to  the  water. 
Inasmuch  as  there  must  be  a  drop  in  temperature  for  heat  to  pass 
from  the  gases  to  the  tube  and  also  from  the  tube  to  the  water,  the 
temperature  of  the  tube  is  between  that  of  the  gases  and  that  of  the 
boiler  water.  In  like  manner  heat  is  imparted  to  the  thermometer 
bulb  or  to  the  hot  junction  of  the  thermocouple  by  convection  from 
the  hot  gases,  and  is  radiated  from  the  thermometer  or  thermocouple 
to  the  boiler  tube,  which  is  always  at  a  temperature  considerably 
19090»— 18— Bull.  145 5 
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lower  than  that  of  the  gases.  There  is  a  temperature  drop  from  the 
hot  gases  to  the  instrument  and  another  temperature  drop  from  the 
instrument  to  the  surface  of  the  boiler  tube.  Therefore,  the  tem- 
perature of  the  thermometer  or  the  thermocouple  is  not  the  same  as 
that  of  the  gases,  but  is  somewhere  between  the  temperature  of  the 
gases  and  that  of  the  boiler  tube.  In  other  words,  the  temperature 
of  the  measuring  instrument  is  always  lower  than  that  of  the  moving 
gases. 

Where  the  gases  flow  through  a  passage  surrounded  by  surfaces 
hotter  than  the  gases,  the  flow  of  heat  is  reversed  and  the  tempera- 
ture of  the  measuring  instrument  is  higher  than  that  of  the  gases. 
Such  conditions  occur  in  heat-regenerating  apparatus  in  metallur- 
gical furnaces,  but  are  seldom  met  in  steam-boiler  practice. 

How  near  the  temperature  of  the  measuring  instrument  is  to  the 
temperature  of  the  gases  in  an  ordinary  boiler  setting  depends  on 
the  relative  resistances  to  the  flow  of  heat  from  the  gas  to  the  instru- 
ment and  from  the  instrument  to  the  boiler  tube.  When  the  tem- 
perature indicated  by  the  instrument  is  constant,  the  amount  of  heat 
imparted  to  it  by  the  gases  is  equal  to  the  amount  radiated  from  it 
to  the  tube.  If  the  resistance  to  the  flow  of  heat  from  the  gases  to 
the  instrument  is  very  small  as  compared  to  the  resistance  from  the 
instnmient  to  the  boiler  tube,  the  temperature  di*op  is  also  very 
small  and  the  temperature  indicated  by  the  instrument  is  very  near 
that  of  the  gases.  If,  however,  the  first-named  resistance  is  high  as 
compared  with  the  second  one,  the  temperature  drop  from  the  gases 
to  the  instrument  is  high,  and  the  temperature  of  the  instrument  will 
be  near  that  of  the  boiler  tube. 

FACTORS  AFFECTING  HEAT  EXCHANGE. 

Now,  what  determines  these  resistances,  or  the  ease  with  which 
heat  flows  to  the  instrument  and  from  it?  It  has  been  stated  that 
heat  is  imparted  to  the  instrument  by  convection,  and  flows  from 
it  by  radiation.  It  can  be  shown  that  the  amount  of  heat  im- 
parted to  the  instrument  by  convection  is  approximately  propor- 
tional to  (a)  the  diff'erence  between  the  temperature  of  the  moving 
gases  and  that  of  the  surface  of  the  instrument  receiving  the  heat, 
(b)  the  velocity  of  the  moving  gases,  (c)  the  density  of  the  gas,  and 
(d)  the  extent  of  the  surface  receiving  the  heat.  The  amount  of 
heat  that  is  radiated  from  the  instnmient  is  approximately  propor- 
tional to  (a)  the  difference  between  the  fourth  powers  of  the  absolute 
temperature  of  the  instrument  and  of  the  boiler  tubes,  and  (b)  the 
extent  of  radiating  surface  of  the  instrument.  The  two  quantities 
of  heat  can  be  expressed  by  two  algebraic  expressions,  as  follows: 
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(i)  Ht=CiT—Ti)vgS 

{2)  Hr=K[(Tx)*-(Tt>*]Si 

Hc=heat  imparted  to  instrument  by  convection, 
Hr=heat  radiated  from  instrument, 
T  =temperatnre  of  moving  gases, 
Tt  =temperature  of  conirie, 
Ts  =teBiperature  of  boiler  tubes, 
V   =velocity  of  moving  gases, 
g   =density  of  gases, 
S  =extent  of  that  part  of  the  surface  of  the  instrument  receiving  heat  by 

convectimi. 
Si  =e(Zt^it  of  that  part  of  the  surface  of  the  instrument  radiating  heat, 
C  and  K=constants. 

In  equation  1  the  velocity  of  the  gases  is  proportional  to  their 
volume.  The  volume  is  proportional  to  the  weight  of  gases  passing 
a  given  cross  section  per  unit  of  time,  and  also  directly  proportional 
to  their  absolute  temperature.  The  density  of  the  gases  is  inversely 
proporticmal  to  their  absolute  temperature.  Therefore,  in  equation 
1  the  product  vg  equals  Cw^  where  w  is  the  weight  of  gases,  and  C  is  a 
constant.    Equation  1  then  takes  the  form  'Rc=C{T—T^)wS. 

The  temperature  of  the  instrument  is  read  when  it  is  nearly  con- 
stant; that  is,  when  the  quantity  of  heat  the  instrument  receives 
from  the  hot  gases  is  equal  to  the  quantity  that  it  radiates  to  the 
surrounding  cooler  surfaces,  or  when  Hc=Hr,  or. 

In  equation  3  the  difference  T—T^  is  the  radiation  error;  that  is, 
it  shows  how  much  lower  the  temperature  of  the  measuring  instru- 
ment is  than  the  temperature  of  the  gases.  By  studying  this  equation 
the  effect  of  the  various  factors  on  the  magnitude  of  the  radiation 
error  can  be  predicted.  Thus  if  T,  the  temperature  of  gases,  is  raised 
the  value  of  the  temperature  factor  T^T^  on  the  left  side  of  the 
equation  becomes  larger,  and  therefore  the  rate  of  heat  impartation 
to  the  instrument  by  convection  is  increased.  The  rate  of  heat  radia- 
tion from  the  instrument  is  not  directly  affected,  so  that  more  heat 
is  received  by  the  instrument  than  is  given  off,  and  therefore  its  tem- 
perature T^  rises.  The  rise  in  T^  increases  the  value  of  the  tempera- 
ture factor  (rj*— (Tj)*  in  the  right  side  of  the  equation,  thereby 
increasing  the  rate  of  heat  radiation  from  the  instrmnent.  At  the 
same  time  the  rise  of  temperature  of  the  instrument  T^  reduces  the 
value  of  the  temperature  factor  T—T^  in  the  left  side  of  the  equation, 
thus  reducing  the  rate  of  heat  impartation  to  the  instrument  The 
temperature  of  the  instrument  Ty^  continues  to  rise  until  equilibrium 
is  established  and  the  values  of  the  two  sides  of  the  equation  are  equal. 
However,  owing  to  the  fact  that  in  the  right  side  of  the  equation  T^ 
enters  as  the  fourth  power  and  in  the  left  side  only  as  the  first  power, 
the  rise  in  T^  is  much  smaller  in  proportion  to  the  rise  of' T,  the 
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temperature  of  the  gases,  when  equilibrium  is  reached.  This  means 
that  the  radiation  error  is  much  larger  when  the  temperature  of  the 
gases  is  high  than  when  their  temperature  is  low. 

The  weight  of  the  gases,  Wy  directly  affects  only  the  left  side  of  the 
equation;  that  is,  the  amount  of  heat  imparted  to  the  instrument. 
If  the  weight  of  gases  is  increased  the  rate  of  heat  impaitation  to 
the  instrument  is  also  increased.  When  more  heat  is  put  into  the 
instrument  than  is  radiated  from  it  its  temperature,  T^^  rises.  This 
rise  in  T^^  increases  the  rate  of  heat  radiation  from  the  instrument  and 
decreases  the  rate  of  heat  impartation  to  it.  The  rise  in  7"^  continues 
untU  the  two  sides  of  the  equation  are  equal.  Therefore  the  higher 
the  velocity  of  the  gases  the  smaller  is  the  temperature  difference 
T—T^  on  the  left  side  of  the  equation  and  the  smaller  the  radiation 
error. 

RELATION  OP  HEAT  RADIATING  AND  RECEIVING  SURFACES  OF  IN8TBUMENT. 

The  extent  of  the  surfaces  S  and  /S'l  is  the  most  important  factor 
in  measuring  temperatures  of  moving  gases  inside  of  a  boiler  setting. 
It  is  the  only  factor  that  can  be  controlled  in  the  temperature  meas- 
urements under  any  given  conditions  of  boiler  operation,  the  weight 
of  the  gases  w  then  remaining  constant 

The  extent  of  the  surface,  S,  receiving  heat  by  convection  is  always 
greater  than  the  radiating  surface,  Su  This  fact  follows  from  the 
nature  of  the  modes  of  heat  transmission  to  the  instrument  and  from 
it.  Convection  delivers  heat  not  to  the  surface  of  the  metal  or  glass 
of  the  instrument,  but  to  the  gaseous  film  surrounding  the  solid  sur- 
face. The  thickness  of  this  gas  film  is  probably  the  same  no  matter 
what  the  diameter  of  the  instrument,  so  that  it  can  be  said  that  the 
extent  of  the  heat-receiving  surface  S  is  roughly  proportional  to  the 
quantity  rf-f  28,  where  d  is  the  diameter  of  the  instrument  and  8  is 
the  average  thickness  of  the  gas  film. 

To  make  this  reasoning  logical,  it  is  necessary  to  state  that  the 
amount  of  heat  imparted  by  convection  is  proportional  to  the  differ- 
ence between  the  temperature  of  the  hot  moving  gas  and  that  of  the 
surface  of  the  gas  film.  That  is,  if  T^  is  the  average  temperature  of 
the  surface  of  the  gas  film,  the  rate  of  heat  convection  is  equal  to 
C{T-'T^)j  because  in  our  consideration  of  the  size  of  the  instrument 
w  the  weight  of  gases  remains  constant  and  is  embodied  in  C.  But 
under  these  conditions  (T— Tg)  is  proportional  to  {T^T^)  and  there- 
fore ar—T,)  can  be  used  in  place  of  (T-T^). 

This  proportion  is  evident,  and  can  be  shown  in  the  following  way. 
The  same  quantity  of  heat  C'(7'— Tg),  imparted  to  the  gas  film  by 
convection,  must  be  transmitted  through  the  gas  film  by  conduction 
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and  may  be  expressed  by  the  formula  C{T^'-Ti)j  where  C"  is  a 
constant.    We  can  therefore  write  the  equation — 

C'(r— !r,)=o"(r.— Ti) 
or 

By  definition  of  temperatures 

r— rx=  (r-r.)  +  (r.— Tx)  =  (t— r.)  4-K(r— t.). 

Therefore 

(T— ri)=C(r— r.) 

Inasmuch  as  the  gases  are  permeable  to  radiation  and  when  heated 
themselves  radiate  practically  no  heat,  the  extent  of  the  heat-radiat- 
ing surface  of  the  instrument  is  the  same  as  that  of  the  metal  or 
glass  of  the  instrument.  It  can  be  said,  therefore,  that  Sx  is  propor- 
tional to  the  diameter  d  of  the  instrument.  It  is  evident  that  when  the 
diameter  d  decreases  Si  decreases  faster  than  S,  and  therefore  the 
amount  of  heat  radiated  from  the  instrument  decreases  faster  than 
the  heat  imparted  to  it  by  convection.  As  a  result  of  this  unequal 
decrease  the  temperature  of  the  instrument  rises  when  its  diameter 
decreases.  This  feature  can  be  made  clearer  by  the  following  specific 
example : 

In  the  experiments  reported  in  this  bulletin  two  thermocouples 
were  used  to  measure  the  temperature  of  the  gases  inside  the  boiler 
setting.  One  of  these  couples  was  about  0.500  inch  in  diameter  and 
the  other  was  0.008  inch.  If  the  thickness  of  the  film  is  assumed  to 
be  0.010  inch,  the  heat-receiving  surface,  S,  of  the  large  couple  is 

S  a  (0.500-h0.02) 
and  the  heat-radiating  surface  of  the  same  couple  is 

Si  a  (0.500). 
The  heat-receiving  surface  of  the  small  couple  is 

S  a  (0.008-h0.02) 
and  the  heat-radiating  surface  of  the  same  couple  is 

Si  a  (0.008). 
By  stepping  from  the  large  couple  to  the  small  couple  the  heat 

received  has  been  diminished  by  the  quantity  ^'  ^^=18.5,  whereas 

the  heat  given  off  has  been  reduced  by  the  quantity  ^'  ^^  =  62.5. 

The  reduction  of  the  surface  controlling  the  heat  given  off  is  3.4 
times  larger  than  the  reduction  in  the  surface  controlling  the  heat 
received.    As  a  result  of  these  unequal  reductions  of  surfaces,  the 
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temperature  difference  between  the  instnuneDt  and  the  boiler  tube 
{Ty—Tj)  must  be  iDcreased  and  the  difference  betwem  the  tempera- 
ture of  the  gas  and  that  of  the  instrument  decreased  in  order  that 
the  equality  between  the  two  heats  is  maintained,  and  consequently 
the  temperature  indicated  by  the  smaller  qouple  is  much  nearer  to  the 
temperature  of  the  moving  gases  than  that  indicated  by  the  large 
couple. 

llie  unequal  decrease  in  the  heat/receiving  and  the  heat-radiating 
surface  when  the  diameter  of  the  couple  is  decreased  is  illustrated 
in  figure  18.    It  is  strikingly  apparent  that  in  the  upper  diagram 


Fi«DU  18. — DUsram  iIiowIbk  that  tbe  mrtBce  rtdlatlBg  beat  decmee*  faster  tban  the 
surface  recelvlos  beat  b;  coDveotlon,  when  tbe  diameter  of  tbe  luBtrumeat  decreases. 
He,  beat  Imparted  by  coavectloD  to  couple.  Hr,  heat  radiated  from  couple, 
illustrating  a  cross  section  of  a  large  couple,  the  ratio  of  the  surface 
of  gas  film  to  the  surface  of  the  instrument  is  much  smaller  than 
it  is  in  the  lower  diagram  illustrating  a  cross  section  of  a  small 
couple. 


It  has  been  shown  in  the  preceding  pages  that  in  measuring  the 
temperature  of  the  gases  in  a  boiler  setting  the  radiation  error  was 
much  smaller  with  the  small  couples  than  with  the  large  ones. 
Therefore  it  is  safe  to  assume  that  with  any  ^ven  conditions  of 
exposure  of  the  couples  the  radiation  error  has  a  definite  relation 
to  the  size  of  the  couple.  To  establish  such  relation  for  the  conditions 
similar  to  those  met  with  in  the  temperature  measurements  described 
in  this  bulletin  two  sets  of  four  couples  of  different  sizes  were  made 
and  their  temperature  indications  when  placed  in  a  boiler  setting 
were  studied.  One  of  these  sets  was  of  platinum  and  platinum- 
rhodium  and  the  other  of  copper  and  constantan.  Tlie  diameters  of 
e  coppei^constantan  couples  were  0.550,  0.250,  0.024,  and  0.008  inch, 
d  those  of  the  platinum  couples  were  0.450,  0.310,  0.024,  and  0.008 
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inch.  Of  these  couples  the  two  small  ones  of  each  set  were  made 
similar  to  the  small  couples  of  the  respective  sets  shown  in  figure  11, 
and  the  construction  of  the  two  large  couples  of  each  set  was  similar 
to  that  of  the  large  couples  shown  in  the  same  figure.  The  four 
couples  of  each  set  were  clamped  together  in  such  a  way  that  the 
hot  juncticms  were  about  1  inch  apart;  the  two  large  couples  were 
on  the  outside  and  the  two  small  ones  on  the  inside  of  the  group. 
The  platinum  and  platinum-rhodium  set  was  placed  in  position  A 
of  the  double-pass  Heine  boiler,  where  it  was  partly  exposed  to  the 
boiler  tubes.  The  copper-constantan  set  was  placed  in  the  hood,  or 
position  iP,  of  the  same  boiler.  At  the  beginning  of  the  experiment 
the  0.024-inch  couple  of  tJiis  set  broke,  so  that  readings  with  only 
three  couples  were  obtained.  Readings  of  all  these  couples  were 
taken  in  rapid  successicm,  and  while  the  readings  were  being  taken 
the  furnace  conditions  were  kept  as  uniform  as  possible.  Smokeless 
Pocahontas  coal  was  used  to  avoid  as  much  as  possible  the  deposition 
of  soot  and  other  solids  on  the  couples. 

RELATION  BETWEEN  DIAMETER  OF  COUPLE  AND  INDICATED  TEMPERATURE. 

The  results  of  four  series  of  readings  obtained  with  these  couples 
are  plotted  in  figure  19.  The  two  sets  of  curves  A  and  B  at  the  top 
of  the  figure  show  two  series  of  readings  taken  with  the  platinum 
and  platinum-rhodium  couples,  and  the  sets  of  curves  C  and  D  at 
the  bottom  of  the  figure  show  two  series  of  readings  taken  with  the 
copper-constantan  couples.  In  each  group  the  order  of  the  curves 
is  according  to  the  size  of  the  couple,  the  lowest  curve  representing 
the  readings  obtained  with  the  largest  couple  and  the  highest  curve 
the  readings  taken  with  the  smallest  couple. 

Plotting  the  diameter  of  the  couples  as  abscissas  and  the  readings 
of  the  couples  as  ordinates  gave  the  curves  shown  in  figure  20.  The 
highest  curve  A  in  this  figure  contains  four  points  representing  the 
averages  of  three  series  of  readings  obtained  with  the  four  different 
sizes  of  couples  when  placed  in  position  A  in  the  double-pass  Heine 
boiler  (see  fig.  6).  In  this  position  the  couples  were  exposed 
largely  to  the  walls  and  the  bottom  of  the  furnace,  partly  to  the  tile 
roof,  and  to  a  small  extent  to  the  tubes  of  the  boiler,  so  that  the 
exposure  to  the  hot  brick  surfaces  greatly  predominates.  This  brick- 
work was  heated  to  dull  red  or  to  about  700°  C. 

The  curve  B  contains  four  single  readings  taken  under  the  same 
conditions  of  exposure  as  A^  but  with  somewhat  lower  temperature 
of  the  surrounding  surfaces  and  of  the  gases. 

The  curve  M  contains  two  average  points  taken  with  a  twin  couple 
placed  in  position  B  in  the  Babcock  &  Wilcox  boiler  shown  in  figure 
2.    In  this  position  the  couples  were  exposed  almost  entirely  to  the 
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surfaces  of  the  boiler  tubes,  which  were  at  a  temperature  of  about 
275^  C. 

The  curve  N  passes  through  three  points,  which  are  the  averages 
of  several  readings  taken  with  three  sizes  of  couples  placed  in  the 
uptake  of  the  double-pass  Heine  boiler  in  the  position  indicated  by 
F  in  figure  6.  At  this  place  the  couples  were  partly  exposed  to  the 
surfaces  of  the  boiler,  the  surfaces  of  the  brick  uptake,  and  the  sur- 
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FiGCBE  10. — Curves  showing  temperature  indicated  by  couples  of  different  sizes  when 
placed  in  same  position  in  a  boiler  setting.  Series  A  and  B  were  taken  with  four 
platinum  and  platinum-rhodium  couples,  0.008,  0.024,  0.310,  and  0.450  inch  in  diam- 
eter placed  in  position  A,  figure  6.  Series  0  and  D  were  taken  with  three  copper- 
constantun  couples,  0.008,  0.250,  and  0.550  inch  in  diameter,  placed  in  position  F, 
figure  6.  In  each  group  the  order  of  the  curves  is  according  to  the  size  of  the  couple^ 
the  smallest  couple  reading  the  highest  and  the  largest  one  the  lowest 

faces  of  the  sheet-metal  hood.    The  average  temperature  of  these 
surfaces  was  probably  close  to  210°  C. 

Strictly  speaking,  the  readings  of  the  two  largest  platinum  couples 
are  not  comparable  with  those  of  the  two  smallest  couples,  because 
the  radiating  surface  of  the  large  couples  was  fused  silica,  which 
has  a  larger  coefficient  of  emissivity  than  the  platinum  of  the  two 
small  exposed  couples.  But  the  effect  of  the  difference  of  emissivity 
of  the  two  materials  is  comparatively  small  and  can  be  neglected  so 
far  as  the  purpose  of  this  bulletin  is  concerned. 
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FiouBB  20. — Curves  showing  relation  between  diameter  of  couple  and  temperature  indi- 
cated by  couple,  when  measuring  temperature  of  hot  gases  surrounded  by  cooler  sur- 
faces.   Temperature  for  zero  diameter  of  couple  is  true  temperature  of  gases. 
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The  curves  in  figure  20  show  that  as  the  diameter  of  the  couple 
decreases  the  radiation  error  decreases  very  slowly  at  first,  and  then 
rapidly  as  the  couple  is  reduced  through  the  very  small  sizes  to  zero 
diameter.  The  correct  temperature  of  hot  gases  flowing  through  a 
passage  surrounded  by  colder  surfaces  can  be  obtained  only  with  a 
couple  of  zero  diameter,  the  construction  of  which  is  a  physical 
impossibility.  Therefore  under  the  given  conditions  the  correct  tem- 
perature of  the  gases  can  be  closely  approximated  by  the  use  of 
curves  such  as  are  shown  in  figure  20.  The  smaller  the  couple  the 
nearer  will  it  indicate  the  true  temperature  of  the  gases. 

The  relation  between  the  radiation  error  and  the  diameter  of  the 
couple  is  not  a  simple  one  because  of  the  many  factors  entering  in, 
such  as  the  temperature  of  the  gases,  the  temperature  of  the  sur- 
roimding  colder  surfaces,  and  the  amount  of  exposure  to  these  sur- 
faces, but  can  be  approximated  by  using  equation  8  (see  p.  85).  On 
account  of  the  temperature  variable  being  expressed  as  the  fourth 
power,  the  equation  is  rather  cumbersome,  and  its  solution  can  be 
made  much  easier  by  making  T^  equal  to  1  and  expressing  the  other 
temperatures  as  ratios  of  T^^  remembering  what  this  provisional  unit 
is  and  changing  the  final  results  into  the  standard  units.  Such 
substitution  of  units  eliminates  one  fourth-power  factor  and  reduces 

the  value  of  the  constant  ^  to  a  convenient  figure.    Substituting 

arbitrary  temperature  units  by  this  method,  the  equation  of  the  two 
curves  A  and  B  takes  the  form, 

D[(T,)*— (T,)*]=8.9(D+0.08)(T-T,). 

For  the  curves  M  and  N^  which  represent  conditions  of  exposure 
and  velocities  of  gases  different  from  those  of  curves  A  and  B^  the 

Q 

values  of  the  constant  ^  are  12  and  10.8,  respectively. 

According  to  these  equations  the  thickness  of  the  gas  film  about 
the  couple  is  0.04  inch  or  about  1  millimeter.  This  value  may  seem 
too  large,  but  with  smaller  values  the  part  of  the  curve  near  the  zero 
diameter  end  would  rise  more  rapidly  than  the  observed  points  per- 
mit. 

It  is  also  probable  that  the  thickness  of  the  gas  film  varies  with 
the  temperature  and  somewhat  with  the  diameter.  It  would  seem 
that  as  the  diameter  of  the  couple  becomes  smaller  its  temperature 
rises,  and  because  of  this  rise  in  temperature  and  the  reduction  in 
diameter  the  thickness  of  the  film  decreases.  However,  if  such  a 
decreasing  value  for  the  thickness  of  the  gas  film  is  substituted,  the 
left  end  of  the  curve  rises  too  rapidly  and  misses  the  points  repre- 
senting temperatures  obtained  with  the  small  couples. 
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Data  at  hand  are  not  complete  enough  to  justify  a  more  detailed 
theoretical  investigation  of  the  thickness  of  the  film  and  other  con- 
stants in  the  equation.  "  The  discussion  given  in  the  preceding  para- 
graphs has  been  presented  as  a  suggestion  of  a  possible  method  by 
which  the  radiation  error  problem  can  be  solved.  For  the  satisfac- 
tory solution  of  the  problem  a  far  more  complete  set  of  observations 
is  necessary.  Such  data  will  have  to  be  obtained  in  a  specially  de- 
signed apparatus  where  all  the  conditi(ms  can  be  controlled ;  a  boiler 
setting  is  not  in  that  class  of  apparatus.  The  data  presented  in  this 
paper  show  beyond  doubt  that  when  the  temperature  of  moving 
gases  surrounded  by  colder  surfaces  is  measured  by  couples  of  dif- 
ferent diameters,  the  temperature  indicated  by  the  couples  forms  a 
curve  which  has  a  very  steep  bend  as  the  diameter  of  the  couple 
approaches  zero.  The  smaller  the  couple  the  nearer  does  it  indicate 
the  true  temperature  of  the  gases. 

EFFECT   OF  TEMPERATURE  OF   GASES   ON    RADIATION   ERROR. 

From  the  discussion  of  equation  3  (see  page  35)  and  the  curves  of 
figure  20,  it  is  apparent  that  the  higher  the  temperature  of  the  gases 
in  any  given  gas  passage,  the  higher  is  the  radiation  error,  and  the 
greater  will  be  the  difference  between  the  temperature  readings  of 
two  couples  having  different  diameters.  This  feature  is  shown  more 
clearly  by  the  curves  in  figure  21,  which  were  compiled  from  the 
temperature  measurements  plotted  in  figures  1,  3,  5,  7,  and  9.  In 
this  figure  the  differences  between  the  temperatures  indicated  by 
the  small  and  the  large  couple  are  plotted  as  ordinates  and  the  tem- 
perature indicated  by  the  small  couple  as  absicssas. 

Figure  21  shows  the  temperature  differences  for  the  Babcock  & 
Wilcox,  the  Parker,  the  Stirling,  and  the  two  Heine  boilers.  The 
readings  for  each  of  the  five  boilers  are  indicated  by  differently 
shaped  points,  and  the  readings  of  each  twin  couple  are  represented 
by  a  group  of  points  inclosed  by  an  irregular  line,  the  position  of 
the  couple  being  designated  as  shown  in  figures  2, 4,  6,  8,  and  10.  All 
the  points  fall  close  to  some  line  that  passes  through  the  point  repre- 
senting zero  °  C.  and  32**  F.,  and  rises  as  the  temperature  rises. 
These  lines  show  a  slight  curvature  with  the  convex  side  toward  the 
abscissas,  indicating  that  the  difference  increases  faster  than  in  direct 
proportion  to  the  temperatures. 

EFFECTS  OF  CONDITIONS  OF  EXPOSURE  OF  COUPLE  ON  RADIATION  ERROR. 

Figure  21  shows  also  that  the  radiation  error  is  different  for  differ- 
ent conditions  of  exposure  of  the  couples.  Thus  all  of  the  twin 
couples  placed  among  the  boiler  tubes  of  the  Babcock  &  Wilcox  boiler 
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had  the  same  conditicms  of  exposure,  and  therefore  the  points  repre- 
senting their  readings  fall  along  one  smooth  curve.  The  twin  couple 
A^  however,  was  partly  exposed  to  the  boiler  tubes  and  partly  to  the 
furnace  walls,  which  were  hotter  than  the  tubes,  and  therefore  its 
radiation  error  was  less.  This  is  shown  clearly  by  the  fact  that  the 
points  representing  readings  of  this  twin  couple  fall  on  a  curve  con- 
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Fiousi  21. — Carves  ihowlng  effect  of  temperature  of  gases  on  radiation  error.  Results 
of  temperature  measurements  In  five  types  of  boilers.  Measurements  by  eacb  twin 
couple  are  represented  by  a  group  of  points  Inclosed  within  a  thin  border  line  and 
are  designated  by  the  position  of  the  couple. 

siderably  below  the  curves  for  the  other  couples.  Thus,  for  example, 
when  the  small  couple  of  the  twin  B  read  900*^  C.,  the  large  couple 
read  230®  C.  lower;  when  the  small  couple  of  the  twin  A  read  1,100® 
C.,  the  large  couple  read  only  about  160®  C.  lower  than  the  small  one. 
This  feature  has  been  discussed  in  connection  with  equation  3  on 
page  35. 
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CONCBFTZON  OF  THE  QAB  FILK  NIIXT  TO  SUBFACES  OF  SOLIDS. 

The  conception  of  the  reality  of  the  gas  film  around  a  solid  is  a 
fundamental  factor  in  the  explanation  of  the  fact  that  the  radiation 
error  is  smaller  with  small  couples  than  it  is  with  large  ones.  The 
layer  cnr  film  of  gas  at  the  surface  of  a  solid  body  is  not  a  mathe- 
matical factor  but  is  a  physical  reality,  although  rather  difficult  to 
define  exactly.  It  is  perhaps  easier  to  describe  such  a  film  than  to 
define  it.    The  following  is  the  aulliors'  conception  of  the  film : 

Figure  22  will  help  in  making  this  conception  clear.  When  a 
solid  body  A  is  placed  in  a  stream  of  moving  gas,  a  very  thin  layer 


Fiomu  22.— DiBgmn  Bhowing  tbe  relatlvv  Telodtr  of  Inflnlteatnul  larera  In  s  fllm  of 
gte  next  to  ■  solid  surface.  Lorera  are  repreMnted  b;  spaeeo  between  wavj  Unei; 
veloclUee  of  layers  bj  lengtli  of  arrows.  Corre  bavlDg  Mdinatea  proiiortloaal  to  velodtr 
represents  possible  rate  of  travel  of  heat  by  oonTsctlon ;  horiiontal  line  TF  represents 
poeeible  rate  by  coodnctlon.  A  plane  parallel  to  A  and  passlns  throngb  point  of  In- 
tersection of  tbe  two  cnrres  may  be  considered  tbe  anrtace  o(  tbe  gas  Blm. 

of  gas  adheres  to  its  surface  and  has  no  motion.  This  layer  of  im- 
movable gas  is  perhaps  only  two  or  three  gas  molecules  thick,  and 
is  probably  similar  to  the  layer  of  water  adhering  to  the  surfiw*  of 
a  solid  when  it  is  wetted  by  dipping  in  water.  Next  this  layer  of 
immovable  gas  is  another  layer  which  moves,  but  its  velocity  is  very 
amall  compared  to  the  average  velodty  of  the  gas  stream.  Farther 
away  are  successive  layers,  each  of  which  has  a  velocity  somewhat 
greater  than  the  preceding  one,  until  the  velocity  of  the  main  body 
of  the  stream  of  gases  is  reached.  The  rate  of  increase  in  velocity 
of  the  successive  layers  is  at  first  small,  but  becomes  greater  and 
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greater  until  the  layers  about  one-eighth  of  an  inch  from  the  solid 
body  are  reached ;  then  the  rate  again  becomes  smaller  as  the  layers 
having  maximum  velocity  are  approached.  In  figure  22  the  suc- 
cessive layers  of  gas  are  represented  highly  magnified  by  the  spaces 
between  the  wavy  lines,  and  the  magnitude  of  their  motion  is  indi- 
cated by  the  length  of  the  arrows.  Thin,  wavy  lines  are  used  to 
indicate  that  the  successive  layers  are  not  sharply  separated  but 
merge  into  one  another.   The  particles  of  gas,  in  f ac^,  pass  from  one 

layer  into  another  by  the 
rolling  motion  of  small 
eddycurrent&  The  spaces 
representing  the  layeS  are 
shown  very  wide  in  order 
to  make  the  diagram  clear. 
In  reality  the  thickness  of 
each  layer  is  infinitesimal, 
so  that  the  entire  width 
of  the  diagram  on  one  side 
of  the  solid  A  represents 
the  conditions  in  a  space 
of  about  one-eighth  of  an 
inch  thick,  measured  from 
the  surface  of  the  body. 
The  smooth  curve  con- 
necting the  heads  of  the 
arrows  indicates  the  varia- 
tion in  the  velocity  of  the 
gases  within  this  small 
space.  The  curve  is  diown 
to  have  a  double  curva- 
ture, being  convex  near 
the  surface  of  the  solid 
body,  and  concave  farther 
away  near  the  layers  hav- 
ing the  average  velocity 
of  gas  stream.  The  curva- 
ture near  the  surface  of  the  solid  extends  through  only  a  very  short 
distance  from  the  surface,  and  is  practically  impossible  to  show 
experimentally. 

The  great  change  of  velocity  within  a  space  of  one-eighth  of  an 
inch  of  the  surface  of  a  solid  is  represented  in  figure  23,  which 
shows  the  velocity  of  an  air  current  at  different  points  in  the  cross 
section  of  an  8-inch  pipe,  as  actually  measured  with  a  small  Pitot 
tube.    Two  sets  of  measurements  of  two  different  rates  of  flow  are 


FiouBi  28. — Diagram  showing  variation  in  velocity 
of  air  current  across  diameter  of  an  8-incli  pipe 
as  actually  measured  with  a  smaU  Pitot  tube. 
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given.  With  the  higher  rate  of  flow,  the  velocity  drop  from  the 
center  of  the  pipe  to  one-M^th  of  an  inch  from  the  surface  of  the 
pipe  is  22  feet  per  second.  The  drop  witliin  a  i-inch  layer  at  the 
surface  of  the  pipe  is  71  feet  Drops  of  dmilar  propOTtiona  were 
shown  with  the  lower  rata 
of  flow. 

When    hot    gases  "flow 
through  a  boiler  tube  the 
variation   of   temperature 
of  the  gases  across  a  sec- 
tion of  the  tube  is  ramilar 
to  the  variation  of  veloc- 
ity.    This  fact  is  shown 
in  figure  24,  which  gives 
two  sets  of  temperature 
measurements  across  a 
vertical  diameter  in  a  tube 
of    a    horizontal    tubular 
boiler.    The  tube  was  2f 
inches  in  inside  diameter 
and    20    feet    long.    The 
cross  section  at  which  the 
higher    temperature    was 
measured  was  1  foot  and 
that  at  which  the  lower 
temperature  was  measured 
was  9  feet  from  the  fur- 
nace   end    of    the    tube.   „'„  ^  _.        _.„,.  ^ 
_,                                                  ,       Tia.  34. — Dlapam  tliowlng  TarlatioDi  in  tempentara 
The  temperatures  were  ob-        of  gases  icroBi  ■  boiler  tube  si  laches  In  Internal 
tained     vrith     an    exposed        diameter-     TemperatoreB  were  meaanred  with  an 
.      .                     II-                    exposed  plaUnniii  coaple  at  9  points  on  a  vertical 
platinum     and     platmum-        diameter.      Cpper    cmrc    represents    temperature 
rhodium  couple  0.012  inch        *  '<~*  '"""  f"™"™  ^^  avenge  velocltj  oC  pura 
J-          1           Tiu           X              ^"^  '**'  P*'  aecond;  lower  nure  repreeenta  tern- 
m    diameter.      Inese    two        peraWre  9  feet  trom  rnmace  end,  average  vrioclty 
tanperature    curves    indi-        »'  ■»■"  ''^  '««*  per  second,     compare  thcM  tem- 
.         .,     .       ,           .           ,,            pcratnre  cnrrea  with  the  velocity  cnrvee  of  flfnre  at. 

cate    that     by     far    the 

greater  part  of  the  temperature  drop  occurs  within  one-eighth  of 
an  inch  distance  from  the  walls  of  the  tube,  where  the  velocity  drop 
occurs.  The  largest  temperature  drop  is  in  the  layer  of  gases  next 
to  the  surface  of  the  solid,  where  there  is  no  motion  at  alt  or  only 
a  comparatively  small  one.  Farther  toward  the  center  of  the  tube 
where  the  velocity  is  high,  the  temperature  drop  is  small.  Inasmuch 
as  the  temperature  drop  along  a  path  of  heat  travel  to  a  great 
extent  indicates  the  reeistanoe  flow  of  heat  these  layers  of  inert  or 
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dow-moving  gas  present  the  highest  resistance  to  the  passage  of  heat, 
and  the  cause  of  the  high  resistance  is  obviously  the  lack  of  motion. 
With  a  given  quantity  of  heat  to  transmit  to  the  boiler  tube,  there 
must  either  be  high  velocity  or  high  temperature  drop  along  the 
path  of  heat  travel;  when  the  velocity  decreases  the  temperature 
drop  must  increase  in  about  the  same  proportion.  In  other  words, 
there  must  be  either  a  high  velocity  of  the  ^ases  to  transmit  the 
heat  by  convection,  or  a  large  temperature  drop  to  transmit  it  by 
conduction. 

It  has  been  sufficiently  proved  that  the  rate  of  heat  travel  through 
gas  by  convection  is  Very  nearly  proportional  to  the  velocity  of  the 
gas ;  and  also  that  within  reasonable  limits  of  temperature  the  rate 
of  h^t  travel  by  conduction  is  nearly  constant.  Therefore  a  curve 
such  as  the  curving  line  in  figure  22  can  be  drawn,  its  ordinates  being 
made  so  proportional  to  the  velocities  that  they  represent  the  rate 
of  heat  travel  by  convection.  The  rate  of  heat  travel  by  conduction, 
being  constant,  can  be  represented  by  a  horizontal  line,  such  as 
X  y  in  the  figure.  Above  the  point  of  intersection  of  the  two  curves, 
convection  is  the  predominant  mode  of  heat  travel,  whereas  below 
the  intersection  point  conduction  predominates.  The  layers  of  gas 
near  the  surface  of  the  solid  body,  where  conduction  predominates, 
are  considered  by  the  authors  as  the  gas  film  and  are  represented  in 
figure  18  by  «. 

HEASTTBIirO  THE  TEHFEEATXTBE  OF  FLUE  OASES. 

The  steam-boiler  operator  frequently  has  need  of  determining  ac- 
curately the  temperature  of  the  gases  leaving  the  boiler.  He  may  be 
confronted  with  the  question  of  what  is  a  good  way  of  measuring 
flue-gas  temperatures. 

INSTBXTMENTS  USED. 

Two  types  of  instruments  are  in  general  use  for  measuring  the 
temperature  of  flue  gases — ^mercury  thermometers  and  thermocouples. 
The  mercury  thermometers  specially  designed  for  this  purpose  are 
about  3  feet  long  and  have  a  temperature  range  up  to  1,000**  F., 
and  are  usually  placed  in  a  protecting  steel  tube  ^  to  f  of  an  inch  in 
diameter.  Unprotected  thermometers  about  18  inches  long  and  of 
somewhat  smaller  temperature  range  are  also  used.  The  advantages 
of  using  thermometers  are  that  the  temperature  can  be  read  directly, 
and  their  low  first  cost.  The  chief  disadvantages  are  that  they  have  a 
large  radiation  error  and,  owing  to  their  limited  length,  can  not  be 
placed  at  the  most  favorable  point  in  the  stream  of  gjases,  which  in- 
troduces another  considerable  chance  for  error.   Another  unfavorable 
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feature  is  that  frequently  they  have  to  be  placed  at  an  inaccessible 
part  of  .the  uptake  or  flue,  so  that  reading  is  inconvenient.  Breakage 
and  destruction  from  flames  in  the  flue  adds  considerably  to  the  cost 
of  using  them. 

The  thermocouples  used  in  measuring  flue-gas  temperatures  are 
made  of  either  platinum  and  platinum-rhodium  or  of  different  kinds 
of  base  metals.  Among  the  base  metals  the  ones  most  frequently  used 
are  the  Hoskin  couple,  made  of  nickel  and  nickel-chrome  alloy,  iron 
and  constantan,  and  copper  and  constantan.  Couples  of  various 
forms  made  of  these  metals  can  be  bought  in  the  market  ready  for 
use.  Each*  of  these  couples  has  its  advantages  and  disadvantages. 
The  platinum  couple  has  the  advantage  that  the  metal  does  not  con- 
taminate easily  and,  therefore,  does  not  require  recalibration,  even 
with  long  usage.  Its  disadvantage  in  measuring  flue-gas  tempera- 
tures is  that  it  has  a  low  electromotive  force,  necessitating  the  use  of  a 
delicate  galvanometer  to  indicate  the  temperature.  The  high  cost  of 
the  couple,  and  of  the  galvanometer,  is  also  a  serious  drawback  to  its 
use.  The  base-metal  thermocouples  have  an  electromotive  force  about 
four  times  that  of  the  platinum  couple  and,  therefore,  small  changes 
in  temperature  are  easily  measured  with  greater  accuracy.  They 
are  more  easily  contaminated,  and  for  that  reason  require  more  fre- 
quent testing.  However,  their  first  cost  is  so  low  that  they  can  be 
frequently  renewed  without  making  their  use  expensive.  The  neces- 
sity of  using  an  indicating  instrument  and  its  inherent  weaknesses 
are  a  serious  drawback  in  the  use  of  all  couples,  whether  of  platinum 
or  of  base  metal. 

The  galvanometer,  which  is  the  instrument  most'  frequently  used 
with  a  couple  to  indicate  the  temperature,  measures  the  potential 
drop  across  its  binding  posts  and  not  the  potential  impressed  by 
the  couple.  If  the  internal  resistance  of  the  galvanometer  is  very 
high  as  compared  to  the  resistance  of  the  couple  and  of  the  leads, 
the  potential  drop  across  the  binding  posts  of  the  galvanometer  is 
yery  near  the  potential  impressed  by  the  thermocouple.  If,  how- 
ever, the  internal  resistance  of  the  galvanometer  is  low  and  the  re- 
sistance of  the  couple  and  its  leads  is  high  and  variable  a  serious 
error  is  sure  to  enter  into  the  temperatyre  measurements.  There- 
fore it  is  advisable  to  use  a  galvanometer  with  as  high  internal  re- 
sistance as  possible.  High  resistance  galvanometers  are  necessarily 
delicate  and  therefore  require  careful  handling  when  carried  from 
place  to  place  and  must  be  carefully  leveled  and  adjusted  before 
readings  are  taken.  Such  galvanometers  also  cost  considerably 
more  than  those  having  a  low  resistance. 
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A  portable  potentiometer,  which  obviates  most  of  the  objections 
to  a  galvanometer  except  the  high  first  cost,  measures  the  potential 
impressed  by  the  couple  no  matter  how  long  the  leads  are  and  how 
variable  their  resistance;  it  is  accurate  and  does  not  easily  get  out  of 
order.  Also  a  potentiometer  is  compact  and  robust  in  construction ; 
it*  can  be  easily  carried  around  a  steam  plant  and  does  not  need  care- 
ful leveling  for  accurate  reading. 

During  more  than  12  years  of  testing  work  in  commercial  plants, 
as  well  as  with  special  experimental  apparatus,  the  writers  tried 
various  combinations  of  the  instruments  mentioned  in  the  preceding 
paragraphs.  They  obtained  the  most  satisfactory  results  with  the 
copper-constantan  thermocouple  used  with  a  portable  potentiometer. 
Therefore  detailed  directions  are  given  herein  for  using  this  com- 
bination in  measuring  fiue-gas  temperatures. 

MAKING  A  COPPEB-CONSTANTAN  THEBHOCOXTPLE. 

PURCHASING  THE  EI^EMENTS. 

Owing  to  the  possibility  of  a  couple  being  contapiinated  and  the 
low  cost  of  the  copper-constantan  thermocouple  elements,  it  is  advis- 
able to  buy  the  two  kinds  of  wire  in  lots  of  several  hundred  feet  and 
make  couples  of  suitable  length  as  they  are  needed.  Whenever  there 
is  a  suspicion  that  a  part  of  the  couple  is  contaminated  this  part  can 
be  cut  off,  or  an  entirely  new  couple  made.  Renewal  of  the  couple 
is  justified  by  the  low  cost.  Five  dollars  will  buy  about  1,000  feet 
of  each  wire  of  No.  22  (B.  &  S.  gage) .  When  bought  from  a  reliable 
maker  any  one  roll  of  the  wire  is  of  very  uniform  composition,  so 
that  for  practical  purposes  one  calibration  can  be  depended  on  for 
all  of  the  wire  in  the  roll.  The  writers,  in  testing  the  wire  they  use, 
found  that  calibrations  of  thermocouples  made  from  various  parts  of 
a  given  roll  checked  very  closely.  No.  22  (B.  &  S.  gage)  wire  is 
about  0.024  inch  in  diameter  and  a  couple  made  from  it  has  sufficient 
mechanical  strength,  also  the  wire  is  small  enough  so  that  the  radia- 
tion error  when  the  couple  is  inserted  in  the  uptake  is  small.  When 
buying  the  wires  it  should  be  specified  that  they  are  to  be  used  for 
thermocouples,  giving  the  thermoelectric  relation  about  as  shown  by 
the  curve  in  figure  28.  This  curve  has  been  obtained  by  repeated 
calibration  of  couples  made  from  the  same  rolls  of  wires  in  the 
physical  laboratory  of  the  Bureau  of  Mines. 

MAKING  THE  HOT  JUNCTION. 

The  hot  junction  can  be  made  by  welding  the  ends  of  the  two 
ires  together  in  a  gas  blowpipe  or  a  gasoline  blowtorch,  borax 
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being  used  as  a  flux.  It  is  rather  difficult  to  bring  the  wires  to  weld- 
ing, temperature  with  an  ordinary  Bunsen  gas  burner.  The  writers 
obtained  very  good  results  with  a  gasoline  blowtorch,  which  is 
available  to  practically  all  steam-plant  operators.  The  following 
procedure  will  give  good  results : 

Cut  off  the  desired  length  of  each  wire  and  roll  the  two  wires  in 
separate  coils  2  to  3  inches  in  diameter,  leaving  about  4  inches  of 
each  wire  uncoiled.  Get  the  blowtorch  burning  so  that  it  gives  a 
steady  hot  flame.  Heat  the  free  ends  of  the  two  coils  to  a  red  heat 
and  quickly  dip  them  while  hot  into  powdered  borax.  The  borax 
will  adhere  to  the  wires  and  form  a  coating  which  protects  them 
from  oxidation.  Stand  close  to  the  torch  with  the  flame  blowing 
directly  away ;  then,  holding  one  of  the  coils  in  each  hand,  insert  the 
borax-coated  ends  of  the  wires  into  the  flame  about  1  inch  from  the 
nozzle  of  the  torch. 

The  elbows  should  be  held  against  the  body  to  give  steadiness  and 
the  ends  of  the  wires  should  be  placed  in  the  upper  or  lower  edge  of 
the  cross  section  of  the  flame.  Holding  the  wires  near  the  edge  of 
the  flame  insures  rapid  heating  of  a  short  length  of  the  wire,  the 
center  of  the  flame  not  being  as  hot  as  the  edges.  The  copper  wire 
comes  to  melting  point  first.  When  both  of  the  wires  are  at  the  point 
of  fusion  press  the  two  ends  together,  then,  holding  the  arms  rigid, 
by  slightly  moving  the  body  remove  the  junction  from  the  flame  and 
hold  until  cold.  Holding  the  arms  rigid  prevents  the  junction  being 
pulled  apart  while  hot.  A  little  practice  may  be  necessary  before  a 
satisfactory  joint  is  obtained.  After  the  manipulation  is  once  learned 
a  good  jimction  can  be  made  at  the  first  trial.  However,  if  success 
does  not  come  after  repeated  trials  the  welding  can  be  accomplished 
by  first  fusing  a  very  small  piece  of  copper  wire  over  the  end  of  the 
constantan  wire  and  then  welding  the  copper  wire  to  the  coppered  end 
of  the  constantan  wire.  After  a  good  weld  has  been  made  the  junc- 
tion may  be  trimmed  with  a  file  so  that  it  is  of  the  same  thickness  as 
the  rest  of  the  wire. 

MAKING  THE  BODY  OF  THE  CX)UPUB. 

After  a  satisfactory  junction  has  been  formed  and  is  properly 
trimmed  the  wires  of  the  couple  are  insulated  with  small  glass  tub^ 
and  placed  in  a  J-inch  or  f -inch  standard  iron  pipe  of  suitable  length. 
To  prevent  the  glass  tubes  from  slipping  out  of  the  iron  pipe,  pieces 
of  asbestos  rope  can  be  packed  tightly  around  them  at  each  end  of 
the  pipe.  The  hot- junction  end  of  the  couple  can  be  made  to  project 
about  1  inch  from  the  glass  tubing,  the  latter  being  either  flush  with 
the  end  of  the  iron  pipe  or  projecting  about  a  half  of  an  inch  from  i^- 
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The  cold  end  of  the  pipe  can  be  fitted  with  a  simple  handle  containing 

two  binding  posts  to  which  are  connected  the  free  ends  of  the  couple. 

The  construction  of  Uiis  simple  couple  is  shown  in  figure  25.    An 

iron  pipe  5  or  6  feet  long  will 

answer  all  the  requirements  for 

2     measuring   the   temperature   of 

g      flue  gases  in  an  ordinary  boiler 

1  plant.     The  thermocouple  wires 

2  may  be  cut  3  or  4  feet  longer 
g  than-  the  pipe  and  the  extra 
i  length  can  be  wound  around  the 
„  binding  post.  Whenever  a  piece 
-c  of  the  hot  end  of  the  couple  is 
I  cut  off  on  account  of  contami- 
^  nation  enough  wire  can  be  un- 
S  wound  from  the  binding  posts 
■5,  to  make  up  for  the  part  cut  off. 
I 

e  ARKANOEMENT     OF      THE      COUPLE, 

5  ITS    COLD    JiraCTION,    ANO    THE 

I  INDICATOB. 

§ 

^         For  rough   measurements   of 
I     flue-gas  temperatures  the  indi- 
%      eating  instrument  can  be  con- 
■|     nected  with  copper  leads  to  the 
^     binding    posts   of   the    thermo- 
g      couple.     The   cold   junction   of 
I      the  couple  is  formed  in  the  bind- 
t      ing  post  where  the  copper  lead 
8     joins  the  constantan  element  of 
I     the    couple.     The    approximate 
^     temperature  of  the  cold  junction 
g     can  be  obtained  by  hanging  a 
I     low-reading  thermometer  either 
^     on  the  binding  post  or  near  it 
I.     so  that  the  thermometer  indi- 
"     cates  nearly  the  temperature  of 
*  B     the    binding    post.    This    tem- 
e     perature  must  be  taken  into  con- 
sideration   when    figuring    the 
temperature    indicated    by    the 
couple.    This  type  of  cold  junction  is  simple,  and  for  that  reason  it 
is  frequently  used  in  couples  for  measuring  the  temperature  of  flue 
gases.    It  has  the  drawback  that  its  temperature  can  not  be  de- 
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termined  accurately  and  that  the  observer  must  climb  on  top  of  the 
boiler  to  read  it. 

The  temperature  of  a  water-bath  cold  junction  attached  to  the 
couple  as  diown  in  figure  11  can  be  obtained  quite  accurately,  but 
its  location  is  not  convenient  for  reading  in  everyday  boiler-room 
work. 


^Thermocouple 


Hot  junction 


Hood 


<^ 


Boiler 


Thermometer 
Cold  junction- 


Constantan 
■^Copper 


^^ 


Copper 


FiouRB  26. — Diagram  showing  arrangement  of  thermocouple,  its  cold  Junction,  and  the 
indlcatliig  instrument,  when  measuring  the  temperature  of  flue  gases. 

Perhaps  the  most  satisfactory  arrangement  is  the  one  in  which 
the  cold  junction  is  placed  with  the  indicating  instrument  on  a  table 
or  a  bench  standing  on  the  floor  of  the  boiler  room  as  shown  in 
figure  26-  An  insulated  copper  wire  is  lead  from  the  copper  terminal 
of  the  couple  directly  to  the  positive  binding  post  of  the  potentio- 
meter. From  the  constantan  terminal  of  the  couple  a  constantan 
wire  leads  down  to  a  water  bath.    To  the  lower  end  of  the  con- 
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stanian  lead  is  soldered  a  piece  of  copper  wire  about  18  inches  long, 
and  the  soldered  junction  is  placed  in  the  bend  of  a  glass  U  tube 
which  is  submerged  in  a  vessel  of  water  as  shown  in  figure  26.  The 
free  end  of  the  piece  of  copper  wire  is  connected  to  the  negative 
binding  post  of  the  potentiometer.  The  cold  jimction  of  the  couple 
is  the  soldered  joint  between  the  constantan  wire  and  the  short  piece 
of  copper  wire  placed  in  the  bend  of  the  U  tube.  Its  temperature  is 
determined  by  a  thermometer  inserted  in  the  water  bath,  the  tem- 
perature of  the  junction  being  the  same  as  that  of  the  water  bath. 
This  arrangement  is  very  convenient  to  read  and  gives  accurate 
results.  The  operator  can  read  the  potentiometer  and  the  cold  junc- 
tion at  the  same  time. 

For  most  of  the  boiler-room  testing  work  the  water  bath  at  the 
cold  junction  can  be  omitted  and  the  constantan  lead  can  be  con- 
nected directly  to  the  negative  binding  post  of  the  potentiometer, 
the  binding  post  of  the  instrument  then  being  the  cold  junction. 
Its  temperature  can  be  fairly  closely  obtained  by  laying  a  thermom- 
eter over  the  instrument.  The  temperature  of  the  binding  post 
usually  does  not  vary  greatly,  and  the  thermometer  can  be  read  from 
time  to  time  when  the  potentiometer  is  read.  This  arrangement  is  a 
simple  one  and  gives  very  satisfactory  results. 

HANIFITLATION  OF  THB  POTENTIOMETEB. 

An  explanation  of  the  principle  of  a  potentiometer,  and  descrip- 
tions of  the  different  tjrpes  and  makes  of  such  instruments  are 
omitted  here  because  the  reader  can  obtain  such  information  in  any 
textbook  on  laboratory  physics  and  in  the  catalogues  of  different 
makers.  The  writers  use  in  their  woi^  a  small  portable  Leads  & 
Northrup  instrument  mounted  in  a  wooden  box  about  10  inches  long 
by  6  inches  wide  by  6  inches  high  and  weiring  about  10  pounds. 
The  manipulation  of  this  instrument  is  herein  described ;  other  types 
and  makes  are  manipulated  in  the  same  general  way. 

ADJUSTING  THE  INSTRUMENT. 

Figure  27  gives  the  top  view  of  the  instrument  connected  for 
reading.  An  ordinary  dry  cell  battery,  connected  as  shown,  is  used, 
the  standard  cell  inside  the  instrument  being  used  only  to  stand- 
ardize the  dry  cell.  The  first  thing  to  be  d(me  after  connecting  the 
various  parts  of  the  apparatus  is  to  see  that  the  pointer  of  the  gal- 
vanometer points  to  zero.  If  it  does  not,  it  must  be  adjusted  by 
slightly  turning  the  screw  D  in  the  direction  that  the  pointer  should 
be  moved.  This  must  be  done  very  carefully,  as  a  very  dight  mo- 
tion of  the  screw  changes  the  position  of  the  pointer  considerably. 
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After  this  adjustment  has  been  made,  the  dry  cell  must  be  stand- 
ardized. This  is  done  by  pressing  the  key  So  and  turning  the  knob 
B  one  way  or  the  other  until  the  pointer  of  the  galvanometer  points 
approximately  to  zero.    The  final  accurate  adjustment  is  then  done 
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by  turning  the  knob  Fj  which  requires  considerable  motion  to  move 
the  pointer  through  a  very  small  angle.  When  the  pointer  is  prop- 
erly adjusted  and  the  dry  cell  standardized,  the  pointer  should  have 
no  perceptible  motion  when  the  key  Sc  is  alternately  pressed  and 
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released,  and  should  stand  at  the  zero  point  of  the  small  scale  of  the 
galvanometer.  The  instrmnent  is  then  ready  for  temperature  read- 
ings. As  the  voltage  of  the  dry  cell  changes  somewhat  with  constant 
use,  the  adjustment  should  be  frequently  checked  by  pressing  the  key 
Sc.  It  may  seem  that  the  adjustment  of  the  instrument  and  the 
standardization  of  the  dry  cell  is  a  difficult  and  tedious  task,  but 
with  a  little  experience  the  former  takes  about  a  minute,  and  the  latter 
only  a  few  seconds.  Usually  one  adjustment  a  day  of  the  pointer  is 
sufficient  unless  the  instrument  is  moved  to  different  places,  in  which 
event  the  adjustment  should  be  checked  each  time  the  instrument 
is  moved. 

READING  THE  TEMPERATURES. 

Before  reading  the  temperature  the  operator  should  make  sure 
that  the  thermocouple  leads  are  properly  connected  to  the  instru- 
ment. The  constantan  lead  should  be  connected  to  the  negative 
binding  post  and  the  copper  lead  to  the  positive  post.  To  read  the 
temperature  the  key  To  is  depressed  and  the  knob  N  turned  in  the 
direction  indicated  by  the  arrow  until  the  galvanometer  pointer  is 
brought  to  the  zero  point  of  the  small  galvanometer  scale.  The 
reading  is  obtained  from  the  scale  turned  with  the  knob  Ny  and  is 
given  in  millivolts. 

The  millivolt  reading  can  be  converted  into  temperature  by  means 
of  a  calibration  curve  such  as  shown  in  figure  28.  The  following  is 
a  general  method  which  takes  into  account  also  the  temperature  of 
the  cold  junction : 

Obtain  the  number  of  millivolts  corresponding  to  the  temperature 
of  the  cold  jimction;  add  this  to  the  number  of  millivolts  obtained 
from  the  potentiometer.  The  t^nperature  corresponding  to  the  sum 
is  the  temperature  of  the  gases  as  measured  by  the  couple. 


The  following  specific  example  illustrates  the  method:  Suppose 
the  reading  of  the  potentiometer  is  16.25  millivolts  and  the  tem- 
perature of  the  cold  junction  is  20**  C.  Starting  from  the  point 
representing  20®  C,  at  the  left  of  figure  28,  follow  the  horizontal 
line  until  it  intersects  the  curve ;  from  this  point  follow  the  vertical 
line  to  the  scale  at  the  bottom  and  read  the  corresponding  millivolts, 
which  is  0.80.  This,  the  cold  junction  correction,  should  be  added 
to  the  number  16.25  read  from  the  instrument,  giving  the  sum  17.05 
millivolts.  On  the  scale  at  the  bottom  of  the  diagram  estimate  the 
position  of  the  point  17.05,  and  from  it  follow  an  imaginary  vertical 
line  to  the  curve ;  from  the  intersection  point  of  this  imaginary  line 
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and  the  curve  follow  an  imaginary  horizontal  line  to  the  centigrade 
scale  at  the  left  or  the  Fahre^eit  at  the  right.  The  temperature  is 
340^  C.  or  644°  F. 

Another  example  is  as  follows:  The  temperature  of  the  cold 
junction  is  35°  C,  and  the  potentiometer  indicates  17.50  millivolts. 
The  correction  of  the  cold  junction,  corresponding  to  35°  C.  as  ob- 
tained from  the  curve,  is  1.8  millivolts.    Adding  this  to  the  reading 
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MILLIVOLTS 

FiocTBE  28. — Carve  showing  relation  between  mlUlvolts  and  temperature  for  a  copper- 

constantan  couple. 

of  the  potentiometer  gives  1.3  plus  17.50  equals  18.8  millivolts.    The 
temperature  corresponding  to  this  value  is  370®  C.  or  698®  F. 

PLACINa  A  THEBHOCOXJPLE  FOB  MEASTTBINa  FLXTE-GAS 

TEMPEBATT7BES. 

In  measuring  the  temperature  of  flue  gases,  the  position  of  the 
thermocouple  is  very  important.  Although  no  specific  directions  can 
be  given  as  to  the  exact  point  for  placing  the  thermocouple,  it  can  be 
said  that  in  general  it  is  best  to  insert  the  thermocouple  into  the  hood 
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or  uptake  in  such  a  way  that  the  hot  junction  is  in  the  center  of  the 
stream  of  gases  and  as  far  as  possible  from  any  cold  surface.  Before 
any  definite  position  is  selected  the  hot  junction  of  the  thermocouple 
should  be  moved  to  different  points  in  the  stream  of  gases  and  the 
difference  in  temperature  noted.  The  couple  can  even  be  moved  and 
inserted  into  different  holes  in  the  uptake  or  breeching.  After  this 
preliminary  survey  of  the  temperatures  at  different  points  the  op- 
erator can  decide  for  himself  the  best  position  for  the  couple.  It  is 
perhaps  generally  the  best  to  place  the  couple  where  it  gives  the 
highest  temperature,  otherwise  the  results  are  apt  to  be  affected  by  air 
filtering  in  or  by  radiation  to  some  cold  surface  to  whidi  it  is  exposed. 
The  radiation  error,  however,  is  far  less  in  a  couple  constructed  as 
directed  on  page  51  than  it  would  be  if  a  thermometer  were  used. 
It  is  highly  improbable  that  the  indicated  temperature  will  be  too 
high.  An  excellent  example  of  a  high  radiation  error  when  a  large 
flue-gas  thermometer  was  improperly  placed  is  given  by  the  tests 
made  on  a  Stirling  boiler  at  the  Williston  plant  of  the  United  States 
Beclamation  Service,  described  in  Bulletin  23«  of  the  Bureau  of 
Mines. 

Figure  29  shows  the  boiler  setting  and  the  position  of  two  ther- 
mometers used  for  measuring  temperatures  of  the  flue  gases.  In  the 
figure  the  small  circles  between  the  rear  wall  and  the  last  nest  of 
tubes  are  horizontal  coils  for  preheating  air  used  in  combustion.  The 
top  half  of  these  coils  receives  cold  air  directly  from  the  blower  and 
the  temperature  of  the  tubes  was  perhaps  100  to  160^  F.  The  tem- 
perature of  the  rear  drum  was  probably  826^  F.,  which  is  the  tem- 
perature of  steam  at  126  pounds  gage  pressure,  the  pressure  carried 
by  the  boiler.  The  bulb  of  the  lower  thermometer  was  about  1  foot 
from  the  preheating  coils,  midway  between  the  rear  steam  drum  and 
the  wall  and  about  3  feet  below  the  damper. 

The  upper  thermometer  was  placed  about  4  feet  above  the  damper 
in  the  hood  of  the  stack,  which  extended  over  the  uptake  of  another 
boiler,  forming  one  battery  with  the  test  boiler.  During  the  testing 
this  other  boiler  was  banked  and  the  flue  gases,  which  were  at  a 
very  low  temperature,  entered  the  same  stack  as  the  gases  from  the 
test  boiler.  There  was  no  partition  separating  the  two  halves  of  the 
hood,  so  that  the  cool  gases  from  the  banked  boiler  could  partly  mix 
with  those  from  the  test  boiler,  thereby  lowering  their  temperature. 
Furthermore,  the  sheet-iron  hood  always  radiated  a  considerable 
quantity  of  heat  and  was,  therefore,  colder  than  the  gases  on  the 
inside.  Consequently  the  thermometer  bulb  in  the  hood  lost  some 
heat  by  radiation  to  the  sheet-iron  hood  and  was  at  a  lower  tempera- 

•  Breckenridge,  L.  P.,  Krelslnger,  Henry,  and  Ray,  W.  T.,  Steaming  testa  of  coal  and 
related  inyestiffatlons,  1912,  pp.  806-^. 
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ture  than  the  gases  passing  it  Nevertheless  the  thermometer  in  the 
hood  indicat«d  a  temperature  considerably  higher  than  (hat  indi- 
cated by  the  thermometer  below  the  damper.    The  thermc«neters 


were  exchanged  several  times,  but  their  indication  persistently  bore 
the  same  relation  as  regards  position,  no  matter  what  thermometer 
was  used.  The  table  following  shows  the  temperatures  as  obtained 
by  the  two  thermometers. 
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Flue-gcis  temperatures  obtained  at  two  ptaces  in  a  hoUer  setting. 


Test  No. 


1 
2 
3 
4 
6 
6 


Reading   of  thermometer   above 
damper. 


Average. 


*F. 


442 
470 
550 
436 
478 
519 


Maximum. 


'F, 


450 
500 
824 
470 
520 
555 


Vjnlmtiin, 


*F. 


435 
435 
820 
885 
420 
455 


Reading   of  thermometer   below 
damper. 


Average. 


*F. 


874 
878 
457 
870 
418 
448 


IfaTtmnm. 


'F. 


400 
410 
510 
426 
460 
475 


Minimum. 


'F, 


835 
850 
360 
325 
355 
400 


Often  great  care  is  taken  to  calibrate  a  flue-gas  thermometer  to 
within  1  degree,  and  then  the  instrument  is  placed  carelessly  in  the 
uptake  of  the  boiler  setting  and  correct  results  are  expected  or 
claimed  without  any  attention  being  paid  to  the  disturbing  effects 
of  cooling  surfaces.  A  thermometer  placed  in  the  sun  would  not 
indicate  the  temperature  of  the  surrounding  air,  nor  would  a  ther- 
mometer placed  between  two  pieces  of  ice  in  a  warm  room  indicate 
the  temperature  in  the  room,  but  some  operators,  when  measuring  the 
temperature  of  a  stream  of  gas  inside  a  boiler  setting  assume  the 
thermometer  reading  to  be  absolutely  correct  because  the  ther- 
mometer is  known  to  be  correctly  calibrated,  without  regard  being 
given  to  the  temperature  of  the  surrounding  surfaces. 

After  reading  the  preceding  discussion  the  operator  will  better 
appreciate  the  importance  of  proper  placing  of  a  thermocouple  when 
he  desires  to  obtain  fairly  reliable  measurements  of  the  temperature 
of  flue  gases.  Inasmuch  as  copper-constantan  couples  are  inexpensive 
and  easy  to  make  he  may  even  find  it  worth  while  to  use  two  or  three 
couples  put  in  different  places  of  the  uptake  of  breeching  and  read 
them  in  rapid  succes^on.  In  this  event  all  the  constantan  .wires  can 
be  joined  together  into  one  cold  junction,  and  the  copper  wires  can 
be  led  to  a  two  or  three  pointed  switch.  With  this  arrangement  the 
different  couples  can  be  read  within  a  few  seconds.  Similar  arrange- 
ment can  be  used  for  any  number  of  couples  placed  in  different 
boilers  to  compare  their  performance. 

The  radiation  error  practically  always  exists  and  as  a  rule  averages 
about  20^  F.    (See  figs.  1, 20, 21,  and  22.) 

USEFULNESS  OF  TEMPEBATUBE  HEASXTBEMEKTS. 

When  the  instruments  for  measuring  the  temperature  of  gases 
have  once  been  procured,  and  the  operator  has  learned  to  use  them, 
he  can  obtain  with  them  much  useful  information  about  the  per- 
formance of  the  boilers.  Besides,  the  plant  may  contain  other  ap- 
paratus in  which  the  determination  of  temperature  is  desirable*  The 
coper-constantan  couple  may  be  used  for  reading  temperatures  up 
to  1000*^  F. 
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In -many  boiler  plants  the  temperatures  of  flue  gases  are  meas- 
ured only  when  evaporation  tests  are  run.  The  temperature  of  the 
flue  gas,  together  with  its  analysis,  furnish  information  concerning 
the  magnitude  of  hqat  losses  in  the  waste  gases.  Inasmuch  as  this 
item  of  heat  losses  is  the  largest  one  in  the  boiler  room,  and  is  also 
one  that  can  usually  be  considerably  reduced,  the  temperature  meas- 
urement is  an  important  part  of  the  test  data. 

In  other  tests  the  measurement  of  flue-gas  temperatures  may  bo 
found  useful.  Thus  by  determining  the  flue-gas  temperature  before 
and  after  blowing  the  soot  off  the  heating  surfaces  of  a  boiler,  the 
detrimental  effect  of  the  soot  coat  on  the  efficiency  of  the  boiler  can  be 
determined.  Approximately,  the  efficiency  of  the  boiler  as  a  heat 
absorber  increases  1  per  cent  for  every  25°  F.  drop  in  flue-gas  tem- 
perature, provided  the  furnace  temperature  and  the  rate  of  ccHnbus- 
tion  are  constant.  By  studying  the  data  thus  obtained,  the  operator 
can  determine  the  best  length  of  time  between  successive  blowings. 
If  scale  and  mud  deposits  on  the  inside  of  the  boiler,  its  effect  can  be 
also  fairly  closely  determined  by  measuring  the  flue-gas  temperatures 
before  and  after  cleaning  the  boiler.  In  any  one  investigation,  con- 
siderable data  should  be  collected  and  the  averages  used,  so  as  to 
eliminate  the  effect  of  variation  of  other  conditions,  before  any 
definite  conclusions  are  drawn. 

CAUBBATIOK  OF  THEBHOGGITPLE. 

The  simplest  way  of  obtaining  a  calibration  curve  for  the  thermo- 
couple is  to  buy  wires  having  thermoelectric  properties  conforming 
to  some  standard  curve  like  the  one  given  in  figure  28.  Different 
pieces  of  wire  from  the  same  roll  can  be  relied  upon  to  vary  not  more 
than  3  to  4  degrees,  which  is  probably  within  the  allowable  limits  of 
error  in  measuring  the  temperature  of  flue  gases,  because  of  the  radia- 
tion error  and  the  variation  in  temperatures  of  different  points  in 
the  same  cro^s  section  of  the  gas  stream. 

The  best  calibration  can  be  obtained  by  sending  a  thermocouple  to 
the  Bureau  of  Standards,  Washington,  D.  C.  The  price  of  calibra- 
tion is  $7.50  per  couple.'  The  unavoidable  delay  in  getting  such  a 
calibration  is  a  serious  objection  in  many  instances. 

If  the  boiler-room  operator  possesses  a  reasonable  amount  of 
manipulative  skill  he  can  calibrate  his  own  couples  with  fair  results. 
He  can  use  one  of  these  two  methods : 

(a)  Determining  three  or  more  temperature  points  of  the  couple 
with  known  melting  points  of  some  pure  metals ;  and 

(6)  Comparing  the  thermocouple  with  a  mercury  thermometer  of 
known  calibration. 

*  Prices  for  caUbration  of  varloas  instruments  are  given  by  "  Pyrometer  testing  anil 
heating  measuiements,"  Bureau  of  Standards,  Circular  No.  7,  1918,  17  pp.  This  circular 
can  be  obtained  by  writing  to  the  Director  of  the  Bureau  of  Standards. 
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CALIBRATION  BY  KNOWN  MELTING  POINTS  OF  METALS  AND  BOILING  POINT 

OF  WATER. 

Three  metals,  zinc,  cadmium,  and  tin,  are  well  suited  for  this  pur- 
pose, and  their  melting  points  are :  * 

zinc melting  point—  420°  0.        787**  F. 

Cadmium do 321  **  O.        610**  F. 

Tin    do 232°  O.        450°  F. 

A  fourth  point  can  be  obtained  with  the  boiling  point  of  water, 
which  is  100**  C.  (212^  F.). 

PBEPABINO  THE  MOLTEN  BATH. 

The  melting  points  given  for  these  metals  are  those  of  Kahlbaum^s 
pure  metals,  which  may  be  difficult  to  obtain.  Chemically  pure 
metals  can  be  purchased  from  any  reliable  chemical  supply  house. 
These  are  not  absolutely  pure,  and  their  melting  points  are  2  to  5^  C. 
lower  than  those  given  for  Kahlbaum's  pure  metals.  Therefore,  if 
the  chemically  pure  metals  are  used,  a  deduction  of  about  4^  C.  should 
be  made  from  the  melting  points  given  above.  About  two  pounds  of 
each  metal  should  be  purchased,  which  will  suffice  for  many  calibra- 
tions. 

Th«se  metals  can  be  melted  in  iron  crucibles  heated  with  two  gaso- 
line blowtorches.  The  crucible  should  be  surrounded  with  fire 
brick,  magnesia  blocks,  or  some  other  heat  insulating  material  to 
prevent  rapid  dissipation  of  heat ;  otherwise,  it  might  not  be  possible 
to  obtain  temperatures  high  enough  to  melt  zinc  and  cadmium.  Suit- 
able crucibles  for  this  purpose  can  be  made  of  pieces  of  standard 
1-inch  iron  pipe  8  inches  long  and  closed  at  one  end  with  caps  as 
shown  in  figure  29.  It  is  advisable  to  make  separate  crucibles  for 
each  metal,  and  to  keep  the  metal  in  its  crucible  after  calibration  is 
completed.  The  use  of  separate  crucibles  will  tend  to  prevent 
possible  contamination  of  the  metals  and  avoid  the  difficulties  that 
will  surely  be  encountered  in  taking  the  metals  out  of  the  crucibles 
and  putting  them  in  again  when  needed  in  future  test  work.  All 
contamination  should  be  carefully  guarded  against,  as  the  melting 
points  of  the  metals  would  be  lowered,  and  serious  errors  might 
result  As  a  matter  of  fact,  the  metals  are  contaminated  to  a  slight 
degree  by  being  heated  i  a  the  iron  crucibles  for  a  long  period.  How- 
ever, from  the  experience  of  the  authors  this  contamination  lowers 
the  melting  points  less  than  1^  C. 

PRECAX7TI0NS   IN   MAKING  BEAOINGS. 

When  heating  the  metal  the  exposed  surface  should  be  covered 
with  graphite  or  powdered  charcoal  to  prevent  rapid  oxidation. 
The  depth  of  the  molten  metal  bath  should  be  4  to  5  inches  before 
the  couple  is  inserted.    When  the  couple  is  inserted  the  metal  will 
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rise  to  about  6  inches.  The  bare  couple  should  never  be  immersed 
directly  in  the  molten  metal,  but  should  be  protected  with  a  hard 
glass  or  a  fused  silica  tube  closed  at  one  end.  These  protective  tubes 
should  be  about  ^  inch  in  outside  diameter  and  10  inches  long,  the 
walls  being  about  one-sixteenth  of  an  inch  thick.  Fused  silica 
tubes  can  be  obtained  from  any  firm  supplying  scientific  materials. 
The  arrangement  of  the  thermocouples  when  placed  in  the  bath  of 
molten  metal  is  shown  in  figure  30. 
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FiouRi  80. — Arrangement  of  apparatus  for  calibrating  thermocouple  by  known  melting 
points  of  metals.  The  crucible  is  snrroanded  with  flre  brick  to  prevent  dissipation  of 
heat  from  the  cmcible. 

When  calibrating  the  couple  the  cold  junction  should  be  placed  in 
an  ice  bath  if  possible,  which  will  avoid  complicated  corrections  in 
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making  the  calibration  curve.  The  metal  should  first  be  melted  and 
then  heated  about  30^  C.  above  its  melting  point  Then  the  couple, 
protected  by  the  silica  tube,  should  be  inserted  the  full  depth  of  the 
metal  bath.  The  blowtorches  should  then  be  removed,  and  while 
the  metal  is  cooling  off  readings  should  be  taken  every  10  seconds 
until  the  metal  has  solidified,  which  takes  5  to  10  minutes.  The  read- 
ings will  show  at  firSt  a  marked  drop  in  temperature,  but  when  the 
metal  begins  to  solidify  the  temperature  will  remain  constant  for  a 
number  of  readings.  After  the  metal  has  solidified  there  will  again 
be  a  imiform  drop  in  temperature.  The  constant  temperature  read- 
ings are  the  melting*  point  of  the  metal.  If  the  operator  wishes  to 
check  his  results,  he  can  apply  the  blowtorches  to  the  crucible  and 
take  readings  while  the  temperature  is  rising.  The  temperature  will 
continue  to  rise  until  the  metal  begins  to  melt,  then  remain  constant 
for  several  readings.  When  the  melting  has  been  completed  the 
temperature  will  again  start  to  rise.  When  the  operator  is  satisfied 
that  he  has  obtained  the  correct  melting  point  he  should  take  the 
thermocouple  and  the  protecting  tube  out  of  the  metal  bath  before 
the  latter  solidifies  too  hard,  otherwise  the  contraction  of  the  metal 
is  apt  to  crack  the  protecting  tube. 

PLOTTING  THE  CALIBBATION  CXJBVE. 

If  the  temperature  readings  are  plotted  as  ordinates  and  the  time 
as  abscissas  a  curve  like  the  one  shown  in  figure  31  is  obtained.  The 
flat  part  of  the  curve  is  the  melting  temperature  of  the  metal  and  is 
one  of  the  points  for  the  calibration  curve. 

The  boiling  point  of  water  is  easy  to  determine.  The  thermocouple 
is  placed  unprotected  in  a  bath  of  boiling  water  to  a  depth  of  about 
8  inches.  With  a  given  barometric  pressure  the  temperature  indi- 
cation remains  constant  as  long  as  the  water  is  boiling. 

The  calibration  curve  of  the  couple  is  obtained  by  plotting  the 
known  melting  temperatures  of  the  metals  and  the  boiling  point  of 
water  as  ordinates,  and  the  corresponding  millivolts  obtained  by  the 
determinations  as  abscissaa  A  smooth  curve  drawn  through  these 
points  gives  the  relation  between  the  millivolts  and  the  temperature 
of  the  couple.  After  a  little  experience  four  points  on  a  curve  can 
be  obtained  in  three  or  four  hours. 

CALIBRATION  BT  COMPARISON  WITH  HIOH-RBADING  MEROURT 

THERMOMETER. 

If  a  good  high-reading  mercury  thermometer  is  available  a  copper- 
constantan  thermocouple  can  be  calibrated  by  comparison  with  the 
thermometer.  The  two  instruments  can  be  immersed  in  a  hot  oil  bath 
and  read  simultaneously.    The  oil  used  for  this  purpose  should  have 
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a  high  boiling  point  so  that  it  is  possible  to  obtain  temperatures  of 
600°  or  650*^  F.  Gas-engine  cylinder  oil  is  well  adapted  for  such 
calibration.  The  oil  can  be  heated  in  a  vessel  made  of  a  piece  of 
4-inch  iron  pipe  about  16  inches  long  and  closed  at  one  end  with  a 
cap.  The  heating  should  be  done  with  a  fire  that  can  be  easily  con- 
trolled. A  portable  forge  is  well  suited  for  this  purpose.  The  ves- 
sel must  be  securely  suspended  over  the  fire  so  that  there  is  no  dan- 
ger of  its  tipping  over.  The  forge  should  be  placed  where  the  smoke 
would  not  be  objectionable.  The  oil  always  contains  some  light^er 
constituents  which  should  be  boiled  off  before  the  instruments  are 
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FiouBi  81. — Curves  showing  method  of  obtaining  the  melting  point  of  a  metal  from  a 
series  of  readings.    The  readings  are  taken  while  the  temperature  is  falling. 

immersed  in  the  oil  bath ;  otherwise  the  operator  exposes  himself  to 
inconvenience  from  frothing  and  flaming  of  the  oil,  and  to  the  dan- 
ger of  breaking  the  thermometer.  The  vessel  is  filled  to  a  depth  of 
about  12  inches  with  the  oil  and  slowly  heated.  As  the  temperature 
rises  the  lighter  constituents  of  the  oil  evaporate  and  the  oil  froths 
over  and  usually  flashes  up  and  bums.  The  operator  need  not  be 
alarmed  over  this  flaming.  While  the  frothing  continues  the  rate  of 
heating  should  be  reduced  so  as  to  give  the  light  oil  constituents  time 
to  boil  off  slowly.  When  the  frothing  stops  the  rate  of  heating  can 
be  again  increased.    The  operator  can  ascertain  approximately  the 
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temperature  of  the  oil  bath  by  dipping  in  the  thermometer  when 
each  of  the  frothing  spells  subsides.  If  too  much  oil  has  been  wasted 
during  the  frothing,  it  may  be  necessary  to  add  more  to  keep  the 
level  of  the  oil  within  about  4  inches  of  the  top  of  the  vessel.  Other- 
wise if  the  level  is  too  low  it  is  difficult'  to  read  the  thermometer  and 
at  the  same  time  have  sufficient  stem  immersion. 

After  several  of  the  frothing  spells  and  perhaps  additions  of  the 
oil  the  bath  reaches  a  temperature  of  about  650°  F.  It  is  then  ready 
for  use  for  calibration,  and  the  instruments  to  be  compared  are  im- 
mersed. The  thermometer  and  the  couple  are  tied  together  in  such 
a  way  that  the  bulb  of  the  thermometer  and  the  hot  junction  are  close 
together;  this  helps  to  keep  the  two  at  the  same  temperature.  They 
should  be  immersed  in  the  oil  to  the  greatest  depth  that  will  still 
permit  the  operator  to  read  the  thermometer.  Between  successive 
readings  the  bath  should  be  thoroughly  stirred  to  keep  the  oil  of  uni- 
form temperature  the  entire  depth.  The  two  instruments  should  not 
be  used  as  a  stirrer ;  a  fiat  iron  rod  can  be  used  for  this  purpose.  It 
IS  better  to  read  the  instruments  while  the  temperature  of  the  oil 
is  constant  or  while  it  is  slowly  dropping,  because  under  these  con- 
ditions it  is  easier  to  keep  the  oil  at  the  same  temperature  throughout 
the  depth  of  the  bath  and  the  chances  of  the  oil  frothing  over  are 
avoided.  Several  readings  of  the  two  instruments  should  be  taken 
in  rapid  succession,  then  the  temperature  of  the  oil  bath  can  be  al- 
lowed to  drop  50  to  100°  F.  and  another  series  of  readings  taken; 
thus  in  several  such  steps  the  whole  range  of  the  thermometer  can  be 
covered.  During  the  reading  of  the  high  points  the  temperature  is 
apt  to  change  quickly,  therefore  it  is  advisable  to  have  two  observers, 
one  reading  the  thermometer  and  the  other  the  thermocouple.  At 
the  lower  points  the  temperature  changes  slowly  and  one  observer  is 
able  to  read  both  instruments.  During  such  calibrations  the  cold 
junction  of  the  couple  should  be  kept  at  the  temperature  of  melting 
ice  if  possible.  After  the  calibration  is  completed  the  oil  should  be 
preserved  for  future  use,  thus  saving  oneself  the  trouble  of  boiling 
out  the  light  oils  from  a  fresh  supply  of  oil. 

The  calibration  curve  is  obtained  by  plotting  the  temperatures  of 
the  thermometer  as  ordinates  and  the  readings  of  the  potentiometer 
in  millivolts  as  abscissas. 

The  same  apparatus  and  method  can  be  used  for  comparing  two 
thermometers. 
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Mines  has  been  printed  and  is  available  for  free  distribution  until 
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PREFACE. 

This  report  on  the  technology  of  salt  production  in  the  United  States 
is  the  outcome  of  studies  that  have  extended  over  several  seasons 
and  is  based  on  work  undertaken  primarily  in  connection  with  the 
Government's  efforts  to  find  deposits  of  soluble  potash  salts  in  the 
United  States.  Nearly  every  active  salt  plant  in  the  United  States 
has  been  visited,  the  source  of  supply  and  the  methods  of  extract mg 
the  salt  from  the  brine  have  been  studied,  and  hmidreds  of  samples 
collected  for  analysis.  The  results  of  the  work  have  been  prepared 
for  publication  in  two  parts.  One  of  these  is  to  be  published  by  the 
United  States  Geological  Survey  and  relates  to  (a)  the  geology  of 
salt  deposits,  (6)  the  theories  connected  with  their  origin  and  forma- 
tion, (c)  the  chemistry  of  the  salt  beds  and  natural  brines,  and  (d) 
the  statistics  of  salt  production  in  the  United  States.  The  part  em- 
braced by  this  report,  published  by  the  Bureau  of  Mines,  relates  to 
processes  of  technology. 

Though  the  literature  contains  many  descriptions  of  the  salt  in- 
dustry in  different  parts  of  the  United  States,  few  of  them  treat  in 
detail  the  technology  of  salt  making.  Most  of  the  reports  present 
information  on  the  industry  in  particular  States. 

In  recent  years  general  reports  on  salt  have  been  issued  in  English, 
but  these  have  related  to  English  and  Canadian  practice,  and  United 
States  methods  have  been  passed  over  with  descriptions  entirely  in- 
adequate to  present-day  progress.  The  work  of  T.  M.  Chatard,  which 
relates  chiefly  to  the  industry  in  the  United  States,  was  written  30 
years  ago.  The  character  of  the  machinery,  the  quality  of  the  labor, 
and  the  use  of  labor-saving  devices  have  imdergone  prof  oimd  changes 
since  that  report  was  written.  The  remarkable  development  of  me- 
chanically-raked grainers  and  the  establishment  of  the  vacuum-pan 
process  illustrate  the  advancement  made.  In  some  of  the  modem 
grainer  and  vacuum-pan  plants  the  salt  is  not  touched  by  hand  from 
the  time  that  it  crystallizes  from  the  brine  till  it  is  ready  to  be  wheeled 
into  the  cars  for  shipment  to  consumers. 

The  importance  of  the  salt  industry  needs  no  comment.  The  do- 
mestic output  in  the  United  States  in  1915  was  5,352,409  short  tons, 
valued  at  $11,747,686.  This  industry  is  scattered  over  14  States, 
distributed  from  coast  to  coast  and  from  the  Great  Lakes  to  the  Gulf. 
Competition  has  been  keen  in  it,  and  this,  together  with  the  low  value 
of  the  commodity,  prevents  its  transportation  to  considerable  dis- 
tances except  where  local  prejudice  favors  a  certain  brand.  This 
competition  has  led  to  loss. 

.  The  general  view  of  the  industry,  that  Mr.  Phalen  was  enabled  to 
obtain  from  his  visits  to  all  the  operating  plants  in  the  United  States 
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enabled  him  to  draw  certain  general  conclusions  with  reference  to 
the  industry.  One  of  these  was  the  great  excess  of  plant  capacity 
as  compared  with  the  domestic  requirements.  The  consensus  of 
opinion  seemed  to  be  that  much  more  salt  was  being  produced  than 
could  be  marketed,  estimates  of  overproduction  ranging  from  20  to 
50  per  cent.  The  facts  that  large,  up-to-date  plants  were  not  work- 
ing at  full  capacity,  that  others  were  working  at  half  time  or  half  ca- 
pacity, and  that  others  were  either  temporarily  or  permanently  closed, 
are  significant  to  those  planning  to  enter  the  salt  business. 

The  rapid  deterioration  of  the  equipment  also  deserves  considera- 
tion. The  wear  and  tear  on  all  salt-making  machinery  is  heavy.  If 
a  plant  is  allowed  to  remain  idle  for  any  considerable  time  it  is  well 
nigh  ruined.  For  this  reason  it  may  often  be  cheaper  to  make  salt 
for  a  season  without  profit  than  to  shut  down.  In  figuring  costs  and 
basing  selling  price  on  them  some  producers  have  not  provided  for 
the  rapid  deterioration  of  plant,  and  this,  together  with  overproduc- 
tion, has  caused  heavy  losses  among  salt  manufacturers  during  the 
past  decade. 

Mr.  Phalen  pQints  out  the  possibihties  of  utilizing  the  residual  bitr- 
tern  (mother  liquor)  from  salt  making,  and  especially  the  recovery 
of  potash  and  magnesium  salts.  Along  the  California  coast  and  on 
the  shores  of  Great  Salt  Lake,  the  mother  liquors  contain  considerable 
quantities  of  these  salts.  As  the  cost  of  magnesium  salts  on  the 
Pacific  coast  has  been  high  during  the  war,  and  as  the  potash  salts 
for  fertilizer  have  been  difficult  to  procure  recently  at  any  price,  the 
value  of  these  mother  liquors  should  be  appreciated  J  and  seemingly 
this  fact  is  beginning  to  be  realized. 

The  report  presents  a  valuable  series  of  analyses  made  by  W.  B. 
Hicks,  of  the  United  States  Geological  Survey,  of  representative  sam- 
ples of  natural  brines.  Most  of  these  brines  are  now  worked  for  salt, 
bromine,  and  calcium  chloride,  but  some  of  them,  for  example,  in 
northern  Ohio  and  parts  of  Michigan,  have  never  been  used.  These 
brines  deserve  careful  investigation  as  a  possible  basis  of  chemical 
industries.    The  report  also  includes: 

1.  An  outline  of  the  general  distribution  and  character  of  the  salt 
deposits  of  the  United  States,  which  is  inserted  because  all  the  readers 
of  the  report  will  probably  not  have  access  to  the  Survey's  comple- 
mentary report. 

2.  A  detailed  description  of  the  different  methods  of  salt  making — 
by  solar  evaporation,  direct  heat  (including  the  open-pan  process), 
and  steam  evaporation  (including  grainer  and  vacuum-pan  practice). 

3.  An  outline  of  the  manufacture  of  bromine  from  natural  brines, 
and  a  description  of  the  preparation  of  calcium  chloride. 

Van  H.  Manning, 

Director. 


TECHNOLOGY  OF  SALT  MAKING  IN  THE  UNITED  STATES. 


By  W.  C.  Phalbn. 


IHTEODUCTIOH. 

During  the  search  for  deposits  of  soluble  potash  salts  in  the  United 
States,  carried  on  by  the  United  States  Geological  Survey,  much  infor- 
mation was  collected  on  the  salt  resources  and  industry  of  the  United 
States.  The  more  important  features  of  the  information  thus  gath- 
ered, compiled,  and  digested  may  be  classified  imder  five  headings, 
as  follows: 

1.  Geology  of  the  salt  deposits  of  the  United  States. 

2.  Theories  relating  to  the  origin  and  formation  of  salt  deposits. 

3.  Chemical  composition  of  saline  materials  in  the  United  States, 
prmcipally  rock  salt  and  natural  and  artificial  brines. 

4.  Statistics  of  salt  production  in  the  United  States. 

5.  Technology  of  salt  production. 

The  first  four  items  are  not  discussed  in  this  report,  but  their 
treatment  will  comprise  a  separate  report  published  by  the  Geologi- 
cal Survey,*  which  will  supplement  this  report,  relating  to  salt^ 
making  processes,  and  wiU  describe  comprehensively  the  salt  resources 
of  the  United  States.  Persons  desiring  a  copy  of  that  report  should 
apply  to  the  Director  of  the  United  States  Geological  purvey,  Wash- 
ington, D.  C. 

In  addition  to  the  discussion  of  processes,  this  report  gives  a  brief 
description  of  the  more  important  sources  of  salt  in  the  United 
States.  This  description  has  been  abstracted  from  the  much  length- 
ier description  contained  in  the  report  to  be  published  by  the  Geo- 
logical Survey. 

FIELD  WOBK  DOVE. 

The  field  investigation  of  the  sources  of  salt  was  made  chiefly  in 
1911  and  1912,  but  salt-making  processes,  or  technology,  was  fur- 
ther studied  in  1916,  with  a  view  to  bringing  the  discussion  of  that 
subject  up  to  date. 

The  field  work  extended  over  the  western  part  of  New  York  and 
included  visits  to  operating  plants  in  Wyoming,  Livingston,  Genes- 

o  Phalen,  W.  C,  Salt  resonroes  of  the  United  States:  U.  8.  Oeol.  Survey  BtUI.  600.   In  ooorse  of  publi- 
cation. 
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see,  and  Tompkins  Counties.  Every  active  plant  in  the  lower  penin- 
sula of  Michigan  was  visitod,  including  plants  in  Midland,  Saginaw, 
Bay,  and  Isabella  Counties,  where  are  natural  brines  containing  bro- 
mine in  commercial  quantity,  and  bromine  and  other  chemicals, 
including  magnesium  salts,  are  now  obtained.  The  process  of  ob- 
taining bromine,  and  the  possible  utilization  of  these  and  other  natu- 
ral brines  containing  bromides,  lime,  and  magnesium  salts,  is  dis- 
cussed on  subsequent  pages. 

Such  natural  brines  are  foimd  at  Maiden,  in  the  Kanawha  Valley, 
W.  Va.,  and  along  Ohio^  River  in  the  vicinity  of  Pomeroy,  Meigs 
Coimty,  Ohio,  and  at  Mason  and  Hartford,  Mason  Coimty,  W.  Va. 
They  also  imderUe  a  large  area  in  northern  Ohio,  including  the  region 
around  Akron,  Barberton,  Wadsworth,  Rittman,  Cleveland,  and 
Fairport  Harbor.  The  brines  in  northern  Ohio  have  never  been 
worked,  and,  indeed,  great  care  has  to  be  exercised  that  they  do  not 
get  into  the  salt  wells  and  ruin  them  by  polluting  the  brine.  The 
different  locahties  mentioned  have  been  visited  in  connection  with 
this  work,  and  where  the  brine  is  being  utihzed  the  methods  of  salt 
making  were  studied.  Samples  were  collected  for  analyses  in  most 
places  where  they  could  be  procured. 

The  Kansas  salt  field  and  the  salt-producing  locaUties  in  Louis- 
iana and  Texas  were  visited. 

The  field  work  during  1912  consisted  chiefly  of  visits  to  salt-pro- 
ducing districts  in  the  far  Western  States,  including  the  shore  of 
Great  Salt  Lake  and  the  salt-producing  locaUties  south  of  Salt  Lake 
in  Sevier,  Sanpete,  and  Juab  Coimties,  Utah,  the  solar  evaporation 
plants  that  were  in  operation  on  the  east  and  west  sides  of  San  Fran- 
cisco Bay  in  Alameda  and  San  Mateo  Coimties,  Cal.,  itnd  the  solar 
evaporation  plants  in  the  southern  part  of  the  State,  near  Long 
Beach,  Los  Angeles  County,  and  on  San  Diego  Bay,  San  Diego 
Coimty. 
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MIVEBALOOT  OF  SALT. 

Common  or  rock  salt  is  known  to  mineralogists  as  halite.  It  is  the 
chloride  of  sodiiun,  composed  of  39.4  per  cent  chlorine,  which  in  its 
free  state  is  a  gas,  and  60.6  per  cent  sodium,  which  in  its  free  state 
is  a  metal.  Halite  is  rather  brittle  and  has  a  conchoidal  fracture. 
Its  hardness  is  2.5;  its  specific  gravity  ranges  from  2.1  to  2.6,  that  of 
piu'e  crystals  being  2.135;  its  index  of  refraction  is  1.5442;  and  it  is 
highly  diathermous.  It  seldom  occurs  perfectly  pure,  but  is  mixed 
with  a  variety  of  other  saline  minerals — such  as  gypsum,  anhydrite 
and,  in  Germany,  camaUite,  kieserite,  and  polyhalite — or  is  associated 
with  shale  and  sandstone. 

Halite  crystals  are  isometric  and  usually  form  cubes,  commonly 
distorted  and  in  cavernous  shapes  termed  hopper-shaped  crystals. 
Halite  also  occurs  massive  with  a  granular  to  compact  structure. 
Masses  with  perfect  cubical  cleavage  are  common,  as  also  those  with 
fibrous  texture  which  are  said  to  be  pseudomorphous  after  gypsum. 
Rock  salt  has  a  vitreous  luster,,  and  when  pure  is  transparent  and 
colorless.  The  different  shades  of  color  are  due  to  impurities  which 
impart  yellow,  red,  brown,  blue,  and  purple  hues,  and  are  respon- 
sible for  the  varying  degrees  of  translucency.  Salt  is  readily  soluble 
in  water,  and  its  characteristic  taste  is  known  to  all. 

THE  USES  OF  SALT. 

Salt  is  largely  used  for  culinary  ptuT)oses  and  also  in  the  meat- 
packing, fish-curing,  dairying,  and  other  industries  to  prevent  deteri- 
oration. It  is  also  used  extensively  for  refrigerating  ptuT)oses,  a 
familiar  example  being  the  makiug  of  ice  cream.  The  treatment  of 
gold  and  silver  ores  by  chlorination  also  consumes  some  salt.  In  the 
form  of  brine  it  is  largely  used  in  the  chemical  industries  in  the  prep- 
aration of  soda  ash,  caustic  soda,  and  various  other  chemicals  con- 
taining a  sodium  base. 

Besides  the  uses  given  above,  other  miscellaneous  uses  are:  To  form 
a  glaze  on  pottery;  in  enameling  and  pipe  works;  salting  cattle; 
curing  hides;  making  pickles;  and  clearing  oleomargarine.  Recent 
experiments  have  indicated  that  it  may  prove  of  value  in  aiding  the 
recovery  of  potash  salts  as  a  by-product  in  the  Portland  cement  in- 
dustry.        -- 

TTPES  OF  OCCUBBEVCE. 

Salt  is  widely  distributed  and  in  many  places  forms  beds  of  suffi- 
cient size  to  constitute  true  rock  masses.  It  is  also  found  in  solution 
in  salt  springs,  in  the  water  of  the  ocean,  and  in  inland  salt  lakes 
or  seas,  as  in  the  Great  Salt  Lake  and  the  Dead  Sea.  Interstratified 
deposits  of  rock  salt  have  been  formed  by  the  gradual  evaporation 
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of  bodies  of  sea  water  cut  off  from  the  main  ocean.  The  salt 
water  of  inland  salt  lakes  or  seas,  like  the  Great  Salt  Lake  and  the 
Dead  Sea,  has  been  concentrated  by  evaporation.  In  such  inclosed 
bodies  of  salt  water  the  minerals  in  solution  crystallize  out  in  the 
order  in  which  the  solution  becomes  saturated  with  the  various  solid 
salts.  This  order  depends  partly  on  the  relative  quantities  of  the 
various  constituents  originally  in  the  water  and  partly  on  the  sol- 
ubility of  the  precipitated  salts. 

Rock  salt  is  of  such  general  occurrence  that  a  Ust  of  the  localities 
where  it  is  foimd  would  include  almost  every  civilized  coimtry.  In 
the  United  States  there  are  extensive  and  valuable  deposits  of  salt 
in  central  and  western  New  York,  in  Pennsylvania,  Ohio,  Michigcm, 
Virginia,  Kansas,  Louisiana,  Texas,  Nevada,  Utah,  Arizona,  New 
Mexico,  California,  Idaho,  Wyoming,  and  probably  in  several  other 
States.  Salt  springs  and  wells  aboimd  in  the  neighborhood  of  the 
salt  deposits,  and  these,  as  well  as  the  waters  of  salt  lakes  and  sea 
water,  constitute  the  sources  of  the  commercial  product. 


SALT  DEPOSITS  OF  THE  UNITED  STATES, 

OENEBAL  DISTBIBUnON  AND  CHABACTEB. 

Of  the  useful  minerals  found  in  the  United  States  perhaps  none 
occurs  in  seemingly  greater  abimdance  or  is  more  widely  distributed 
than  common  salt.  The  various  modes  of  occurrence  include  crys- 
talline layers  interbedded  with  other  sediments,  which  may  have  been 
chemically  precipitated,  as  gypsum,  or  may  be  ordinary  clastic  sedi- 
ments, as  sandstone  and  shale;  in  beds  of  dry  or  nearly  dry  lakes, 
marshes,  or  alkali  flats;  or  in  the  form  of  dissolved  salt,  in  natural 
brines  or  bitterns  issuing  from  salt  springs  or  accumulated  in  salt 
lakes  or  ponds. 

In  the  eastern  part  of  the  United  States  salt  does  not  he  at  the 
surface  of  the  groimd,  as  in  many  parts  of  the  West.  In  New  York, 
western  Pennsylvania,  Michigan,  Ohio,  Kansas,  Virginia,  Louisiana, 
New  Mexico,  and  eastern  and  northwestern  Texas  salt  forms  rock 
deposits  well  below  the  surface,  where  it  is  protected  from  the  solvent 
action  of  rain  and  groimd  water  by  a  thick  mantle  of  impervious  beds. 
In  the  far-western  States,  Idaho,  Wyoming,  west  Texas,  New  Mexico, 
Arizona,  Nevada,  and  California,  many  important  saline  deposits  are 
exposed  at  the  surface  because  the  chmate  is  arid.  Thus  the  United 
States  may  be  divided  into  east  and  west  parts  with  reference  to  its 
salt  resources,  the  division  being  not  only  geographic,  but  climatic. 

In  the  Western  States  are  many  locahties  having  large  and  impor- 
tant salt  deposits,  the  presence  of  salt  being  attested  by  many  place 
names.  The  greater  part  of  Nevada,  large  parts  of  Utah  and  Cali- 
fornia, and  small  parts  of  Oregon,  Idaho,  and  Wyoming  are  included 
within  the  Great  Basin  Region,  so-called.  In  this  region  lie  the  drain- 
age basins  of  the  former  Lake  Lahontan  and  Lake  Bonneville.  These 
basins  have  been  studied  by  Gilbert  **  and  Russell.*  The  conclusions 
of  these  two  men  regarding  the  salines  deposited  from  the  waters  of 
these  lakes,  their  accumulation,  disappearance  from  the  surface,  and 
the  possibility  of  finding  them  below  the  surface  are  discussed  in  the 
report  that  will  be  pubhshed  by  the  United  States  Geological  Survey. 

o  Oflbert,  G.  K.,  Lake  Bonneville:  U.  S.  Oeol.  Survey  Mon.  1, 1890, 438  pp. 

^  Russell,  I.  C,  Geological  history  of  Lake  Lahontan,  a  Quaternary  lake  of  northwestern  Nevada:  V.  S. 
Oeol.  Survey  Mon.  11, 1885, 288  pp. 

98088**— 17 Bull.  146 2  5 
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NEW  YOBK. 
EARLY  DEVELOPMENTS. 

Bock  salt  was  discovered  in  New  York  in  1865  at  the  viflage  of 
Vincent,  in  western  Ontario  County.  The  importance  of  the  find  was 
not  fidly  appreciated  until  after  rock-salt  beds  had  been  foimd  in 
other  places.  Early  in  1878  one  of  several  test  wells  sunk  in  Vestem 
New  York  in  a  search  for  oil  encountered  a  bed  of  rock  salt  70  feet 
thick  at  a  depth  of  1,279  feet,  a  nule  south  of  Wyoming.  This  well 
became  known  as  the  "pioneer  weU.'*  Three-years  later,  in  March, 
1881,  works  with  the  small  capacity  of  40  barreb  a  day  were  erected, 
and  salt  was  first  made  from  artificial  brine.  Shortly  after  tins  dis- 
covery successful  exploration  took  place  at  Le  Roy,  north  of  Wyoming, 
and  salt  was  first  made  at  Le  Roy  in  the  spring  of  1884. 

In  the  meantime  progress  was  made  in  another  part  of  the  State. 
In  August,  1881,  a  company  of  citizens  of  Warsaw  began  to  sink  a  well 
near  the  Buffalo,  Rochester  &  Pittsburg  Railroad,  in  the  northern 
part  of  the  town,  and  in  October  of  that  year  foimd  a  bed  of  salt  and 
shale  111  feet  thick  at  a  depth  of  1,520  feet.  Eighty  feet  of  the  bed 
proved  to  be  salt.  An  abxmdant  supply  of  water  from  which  arti- 
ficial brines  could  be  made  was  also  encoimtered.  It  was  soon  shown, 
that  the  artificial  brine  was  fuUy  saturated,  of  great  purity,  and  prac- 
tically unlimited  in  quantity.  The  development  of  the  salt  industry 
in  this  general  locahty  in  the  Oatka  yalley  was  very  rapid  in  1883. 
In  that  year  salt  was  foimd  in  the  Genesee  Valley  by  a  well  near  the 
shaft  of  the  Retsof  Salt  Mines,  10  miles  directly  east  of  the  Pioneer 
well  in  the  Oatka  Valley.  In  September,  1885,  a  shaft  9  by  12  feet 
reached  rock  salt  near  Greigsville,  at  a  depth  of  996  feet.  Many  wells 
and  a  few  other  shafts  were  put  down  in  the  Genesee  Valley  dining 
the  following  years. 

The  discovery  of  rock  salt  at  Wyoming  revived  interest  in  the  search 
for  the  bed  that  geologists  had  asserted  must  exist  in  the  higher  land 
south  of  Syracuse,  and  in  1881  a  well  was  sunk  at  Jamesville,  7  miles 
southeast  of  the  head  of  Onondaga  Lake.  In  1882  another  well  was 
sunk  at  Cedarvale,  7i  miles  southwest  of  the  Indian  land  reservation. 
Rock  salt  was  not  found  in  either  of  these  wells.  In  1884  two  wells 
were  put  down  near  Onondaga  Salt  Springs,  one  by  private  parties 
and  the  other  by  the  State.  No  rock  salt  was  foimd  in  the  Salina 
formation  by  either  of  these  weUs.  In  1885  a  test  well  simk  at  Ithaca 
to  a  depth  of  3,185  feet  foimd  salt,  and  a  careful  record  was  made  of 
it.  The  stratigraphy  of  the  Ithaca  well  has  been  described  by 
Prosser.*  In  1886  a  well  at  Morrisville,  Madison  Coimty,  struck  rock 
salt.    This  well  marks  the  most  easterly  point  at  which  rock  salt  has 

I    o  Pro68er,  C.  8.,  The  thickness  of  the  Devonian  and  Silurian  rocks  of  western  central  New  York,  Am. 
Oeotofist,  vol.  6,  Octoberi  1890,  pp.  202-203. 
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been  found  in  the  State  and  the  most  northerly  pouit  east  of  Genesee 
River,  with  possibly  a  single  exception. 

In  1888  the  Solvay  Process  Co.,  of  Syracuse,  in  seiarching  for  a 
larger  and  cheaper  supply  of  brine  for  its  great  soda-ash  plant  at 
Syracuse,  began  a  well  in  the  south  end  of  the  valley  of  Onondaga 
(>eek  in  the  town  of  Tully,  17  miles  south  of  Syracuse.  This  well 
was  abandoned  after  it  had  passed  through  400  feet  of  glacial  drift, 
but  another  well  a  quarter  of  a  mile  farther  east  found  at  a  depth 
of  1,216  feet  a  bed  of  rock  salt  45  feet  thick.  In  1889,  10  new  weDs 
were  put  dowB;  in  1890,  10  more;  and  in  1891,  9  more,  all  on  the 
east  side  of  the  valley.  In  1895  and  1896,  11  additional  wells  were 
drilled  on  the  opposite  side  of  the  valley,  making  a  total  of  41  wells 
drilled  to  the  salt  bed  there  by  this  company.  Forty  of  these  wells 
are  connected  by  iron  pipes  with  TuUy  Lakes.  The  lake  watel:  flows 
by  gravity  to  the  salt  and  becomes  saturated  with  it.  This  brine 
formerly  flowed  through  other  pipes  into  a  large  main  that  conveyed 
it  to  Syracuse,  where  the  works  are  360  feet  lower  than  the  mouth  of 
the  lowest  well,  but  owing  to  the  loss  by  this  method  the  wells  are 
now  pumped. 

In  1891  a  well  was  simk  to  the  salt  bed  at  Ludlowville,  Tompkins 
Coimty,  and  a  second  well  was  put  down  in  1892.  In  1895  another 
well  was  drilled  at  Ithaca,  north  of  the  well  put  down  in  1885.  In 
1893,  1894,  and  1896  wells  were  sunk  at  Watkins,  Schuyler  County, 
and  salt  is  now  being  made  at  that  place.  A  shaft  is  reported  to 
have  been  begun  on  the  shore  of  Lake  Cayuga  south  of  Ludlowville 
in  1916. 

RELATIVE   IMPORTANCE   OF   NEW   YORK   FIELD. 

During  the  past  few  years  Now  York  has  ranked  second  among  the 
States  in  both  quantity  and  value  of  salt  produced.  The  industry 
includes  both  the  mining  of  rock  salt  and  the  evaporation  of  brine 
by  the  solar,  open-pan,  grainer,  and  vacuum-pan  processes, 

POSITION   OF   FIELD. 

The  salt  field  in  New  York  is  distinct  from  that  in  the  near-by 
State  of  Ohio,  but  is  related  to  the  deposits  in  the  Province  of 
Ontario,  Canada.  The  salt-bearing  Salina  formation,  outcropping  in 
a  belt  approximately  12  miles  wide  at  Niagara  River,  extends  east- 
ward across  the  central  tier  of  coimties  in  New  York  to  a  little  south 
of  Oneida  Lake.  The  outcrop  then  turns  southeast,  narrowing  grad- 
ually, and  terminates  in  the  vicinity  of  Schoharie  River,  Schoharie 
County.  Its  greatest  width,  about  20  miles,  is  at  the  foot  of  Cayuga 
and  Seneca  lakes.  Salt  making  is  confined  to  the  region  south  of  this 
outcropping  belt,  that  is,  in  the  direction  of  the  dip  of  the  beds,  because 
the  salt  is  leached  from  outcropping  beds  in  this  region  of  abundant 
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rainfall.  A  map  presented  in  Bulletin  669<*  of  the  United  States 
Geological  Survey  showing  the  outcrop  of  the  Salina  formation  brings 
out  these  facts  and  shows  the  places  in  the  State  where  salt  has  been 
found  in  wells  and  shafts. 

EXTENT  OF  DEPOSITS. 

The  area  known  to  be  underlain  with  rock  salt  comprises  a  comer 
of  Genesee  Coimty  south  of  LeRoy,  the  eastern  half  of  Wyoming 
County,  nearly  the  whole  of  Livingston  County,  and  the  part  of 
Ontario  County  west  of  Canandaigua  Lake  and  chiefly  south  of  the 
New  York  Central  Railroad.  Late  reports  indicate  that  to  the  west, 
in  Erie  Coimty,  rock  salt  has  been  found  at  Eden  Valley,  Springville, 
Perry,  and  Gowanda,''  and  in  a  gas  well  between  Cattaraugus  and 
Gowanda,*"  in  Cattaraugus  County. 

East  of  Canandaigua  Lake  the  borings  at  Dundee,  Watkins,  Ithaca, 
Ludlowville,  and  TuUy  all  reached  the  rock-salt  beds.  The  area 
xmderlain  by  rock  salt  west  of  Canandaigua  Lake  is  computed  by 
Bishop  ^  to  comprise  1,100  square  miles.  In  view  of  discoveries 
made  since  Bishop^s  report,  his  estimate  is  probably  far  too  low.  The 
area  underlain  by  salt  east  of  Canandaigua  Lake  must  be  fully  as  large 
as  that  to  the  west,  if  not  larger.  The  northern  limit  can  be  assigned 
only  approximately,  owing  to  the  rock  salt  being  dissolved  near  the 
siu^ace.  The  southern  hmit  is  not  known  and  may  never  be  accu- 
rately determined,  as  the  thickness  of  the  cover  of  Salina  formation 
increases  in  that  direction,  but  the  salt  is  known  to  extend  at  least 
as  far  south  as  the  vicinity  of  Pittsburgh,  Pa.  The  persistence  of 
the  salt  to  the  south  in  New  York,  however,  is  indicated  by  the  wells 
at  Ithaca,  which  reach  the  salt  at  a  depth  of  2,200  feet,  and  by  test  bor- 
ings in  northern  Cattaraugus  and  Allegany  Coimties,  which  encoimtered 
salt  at  over  3,000  feet.  The  boring  at  Canaseraga,  Allegany  Coxmty, 
penetrated  75  feet  of  rock  salt,  beginning  at  a  depth  of  3,050  feet.^ 

The  northern  limit,  as  shown  by  the  outcropping  Salina  strata,  is 
approximately  defined  by  a  line  drawn  from  a  point  south  of  Oneida 
Lake  westward  to  Buffalo.  South  of  this  line,  the  deposits  he  pro- 
gressively deeper  in  accordance  with  the  dip  of  the  strata,  which  ranges 
from  40  to  50  feet  per  mile.  The  most  eastern  point  at  which  salt  has 
been  found  is  Morrisville,  Madison  Coimty.  Between  this  and  Lake 
Erie  salt  has  been  found  in  almost  all  of  the  central  tier  of  counties. 

a  Phalen,  W.  C,  Salt  resoaroes  of  the  United  States:  U.  S.  Oeol.  Survey  Bull. 609.   In  course  of  pubU- 
oatJon. 
b  Newland,  D.  H.,  Mining  and  quany  Industry:  New  York  State  Museum  Bull.  166,  August,  1913,  p.  57. 
«  NewIand,D.H.,Minlngandquarryindustry:New  YorkStateMu8eumBull.l74,Deoeml)er,1914  ,p.66. 
*  Bishop,  I.  P.,  Report  of  the  New  York  State  Oeologist,  vol.  6, 1885,  p.  34. 
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MICHiaAN. 
BELATIVE  IMPORTANCE  OF  MIGHIQAN  SALT  INDUSTRY. 

During  the  past  few  years  Michigan  has  ranked  first  among  the 
States  in  both  quantity  and  value  of  salt  produced.  Salt  in  Michigan 
is  obtained  from  two  distinct  sources — ^rock  salt  and  natural  brine — 
and  is  produced  by  the  open-pan,  grainer,  and  vacuum-pan  methods 
of  evaporation.  The  industry  based  on  rock  salt  is  of  much  greater 
importance  than  that  based  on  natural  brine. 

POSITION  OF  SALT  FIELDS. 

Salt  is  made  in  three  distinct  parts  of  the  State.  The  producing 
districts  are  situated  (1)  in  the  southeastern  part  of  the  State  along 
Detroit  and  St.  Clair  Rivers,  (2)  in  approximately  the  central  part  of 
the  Lower  Peninsula,  especially  in  the  Saginaw;  Valley,  and  (3)  along 
the  western  coast  of  the  Lower  Peninsula. 


DEPTH  TO  SALT  BEDS. 

In  the  southeastern  part  of  Michigan  and  to  the  north  along  St. 
Clair  River  a  great  many  wells  have  been  sunk  to  the  salt  beds. 
Records  of  these  wells  are  given  in  United  States  Geological  Survey 
Bulletin  669.**  The  depths  to  the  salt  beds  are  shown  in  the  accom- 
panying table; 

Depths  to  salt  beds  in  eastern  Michigan. 
Location.  Depth  in  feet. 

Marine  City,  well  No.  1 1, 604-1, 637 

Marine  City,  well  No.  2  (firet  bed) 1, 634-1, 735-|- 

f 1, 622-1, 637 
Marine  City,  well  No.  3 


1,642-1 
lli  672-1 

Marine  City,  well  No.  4 /^  f ^V 

tl,  600-1 

Marine  City,  2i  miles  north  of,  well  No.  6 1 

{1  620-1 
1, 675-1 
Petrolia,  Ontario,  18  miles  from  Port  Huron  (in  Monroe  group)  1, 199-1 

Just  above  1 
Atl 
Above  and  below  1 
Port  Lambton,  Ontario,  5  miles  northeast  of  Algonac 1, 710-1 

Royal  Oak,  weU  No.  2 {?'^^^>^ft^o 

^  *  iLowest,  2,315-2 

St.  Clair 1,630-1 

St.  Clair,  6  miles  below 1 

St.  Clair,  one-half  mile  east  of  (in  the  Monroe  group) 1, 620-1 

Wyandotte  (bands  of  salt) 730-1 


Port  Huron,  well  No.  12  (Monroe  group  and 
Salina  formation) 


662 
737 
590 
630 
600 
650 
775 
251 
600 
600 
700 
720 
640 
475 
660 
500 
650 
235 


«  Plia]eD,W.C.,Saltresoarcesofthe  United  States:  U.  S.  Geol.  Survey  Bull. 6<(9.    In  course  of  publication. 
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No  rock  salt  occurs  in  the  southwestern  part  of  the  State,  but  it  is 
found  to  the  north,  at  Ludington  and  Manistee.  At  Frankfort,  still 
farther  to  the  north,  in  Benzie  County,  weUs  through  the  Salina,  the 
salt-bearing  formation,  did  not  strike  salt,  nor  even  a  strong  brine. 
It  is  likely  that  Frankfort  is  just  outside  the  borders  of  the  ancient 
sea  in  which  the  salt  was  deposited.  Likewise  the  St.  Ignace  and 
Cheboygan  wells  show  no  salt.  The  following  log  shows  the  beds 
that  a  typical  well  penetrates  at  Ludington. 

Log  of  salt  well  jnU  down  by  J.  S,  SteamSy  at  Ludington,  Mason  County,  Mich.<^  ^ 

[Ten-inch  casing,  204  feet;  water  (53*  F.)  at  about  300  feet;  8-inch  casing  to  rock.] 

_,  .  ,  Material.  Thickness,  Depth, 

Pleistocene:  leet.        feet. 

Sand 198     

Clay,  pink,  calcareous 68  266 

Gravel 94  360 

Clay,  pink,  calcareous 155  516 

Gravel 61  576 

Limestone,  with  15  feet  of  porous  granular  limestone 

and  salt  water  35  feet  below  the  casing 74  650 

Cold  water: 

Shale,  blue 550  1,200 

Antrim: 

Shale,  black 200  1,400 

Traverse  group: 

Limestone,  brown 25  1,425 

Shale,  blue 35  1,460 

Limestone,  brown,  oily,  with  hydrogen  sulphide 40  1, 500 

Limestone,  pure  (Dundee?) 250  1, 750 

Dolomite,  brown,  sandy 160  1, 910 

Shale,  calcareous 90  2, 000 

Monroe  group: 

Dolomite 25  2,025 

Limestone 25  2, 050 

Dolomite 25 .  2,075 

Sandstone  (Sylvania?) 100  2, 175 

Dolomite,  sandy,  and  anhydrite 121  2, 296 

Salt 8  2,304 

At  Manistee  are  a  number  of  wells  300  to  400  feet  shallower  than  the 
Steams  well.  The  depths  to  salt  are  shown  by  some  of  the  records  of 
the  Ludington  and  Manistee  wells,  as  follows: 

Depths  to  salt  at  Ludington  and  Manistee^  Mich. 

Location.  Depth  to  salt,  feet. 

Ludington,  well  No.  1 2, 195 

Ludington,  1  mile  south  of 2, 242-2, 260 

Ludington,  well  No.  3 1, 965-2, 001 

Manistee,  well  No.  1 |  ^»  ^^^^'  ^^^ 

I  1,988-2,012 

Manistee,  well  No.  2 (  1,900-1,904 

I  1,912-1,942 

Manistee,  well  No.  3 1,988 

Stronaoh 1,930-1,964 

a  Lane,  A.  C,  Notes  on  the  geological  section  of  Michigan:  Michigan  GeoL  Surrey  Tenth  Ann.  Kept, 
of  1908, 1909,  pp.  91-105. 
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Another  area  which  contains  rock  salt  in  some  quantity,  but  has 
not  yet  been  developed,  is  about  Alpena,  in  the  northeastern  part  of 
the  Lower  Peninsula,  on  the  shores  of  Thunder  Bay,  an  arm  of  Lake 
Huron.  Here  five  beds  of  salt,  with  streaks  of  gypsum  and  anhydrite, , 
are  known,  their  aggregate  thickness  being  about  300  feet. 

OHIO. 
KELATIYE  IMPOBTANGB  OF  OHIO  SALT  INDU8TBY. 

Ohio  has  ranked  third  among  the  States  in  recent  years  in  both  the 
quantity  and  the  value  of  the  salt  produced.  Both  salt  beds  and 
natural  brines  are  utihzed  and  the  product  is  made  by  the  common 
processes  of  evaporation,  the  grainer  and  vacuiun-pan  processes. 
No  rock  salt  is  mined.  Considerable  brine  obtained  from  beds  of  rock 
salt  is  utilized  in  the  manufacture  of  soda.  Bromine  and  calciiun 
chloride  are  also  obtained  from  the  natural  brines  along  the  Ohio 
River,  and  reports  indicate  that  an  increase  in  chemical  industries 
may  soon  be  expected  there. 

POSITION  OF  FIELDS. 

Ohio  salt  at  present  comes  from  two  distinct  districts,  one  in  the 
northeastern  and  the  other  in  the  southeastern  part  of  the  State. 
The  southeastern  district  at  present  is  included  entirely  within  Meigs 
Coimty  and  is  coextensive  with  that  in  West  Virginia  on  the  opposite 
side  of  Ohio  River.  The  northeastern  district  comprises  Cuyahoga, 
Medina,  Summit,  Wayne,  and  Lake  Coimties. 

SALT  DEPOSITS  IN   NORTHEASTERN  OHIO. 

Though  the  salt-producing  area  in  northeastern  Ohio  is  large,  salt 
production  thus  far  has  been  restricted  to  Cuyahoga,  Smnmit,  Medina, 
Lake,  and  Wayne  Coimties.  Salt  is  not  produced  as  such  in  Lake 
Coimty,  the  brines  produced  by  the  Diamond  Alkali  Co.,  at  Fairport 
Harbor,  being  made  into  other  sodium  compounds.  That  the  salt 
beds  extend  farther  east  than  the  producing  wells  is  shown  by  the 
following  record  of  the  HadseU  well  near  Cortland,  Trumbull  County:  ** 

a  Bownocker,  J.  A.,  Salt  deposits  and  the  salt  industry  in  Ohio:  Ohio  Qeol.  Sorvey,  ser.  i,  Bull.  8, 1906, 
p.  43;  Ohio  Oeol.  Survey  Eooo.  Oeol.  Bull.  8,  vol.  0, 1006,  pp.  <M2. 
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Log  of  Hadsell  well,  near  Cortland,  Trumbull  County y  Ohio, 

Thickness,    Depth, 
Material.  feet.  i^t. 

Drift 40        

•Shale 60  100 

Berea  grit 160  260 

Shales,  Bedford  and  Ohio 2, 386  2, 666 

Limestones,  Comiferous  and  Monroe 583  3, 239 

Salina  formation: 

Rock  salt 12  3, 251 

Limestone 5  3, 266 

Rock  salt 2  3, 258 

Limestone 3  3,261 

Rock  salt 10  3, 271 

Limestone 49  3, 320 

Rock  salt 29  3, 349 

Limestone 10  3, 359 . 

Rock  salt 52  3,411 

Shale,  white 18  3, 429 

Limestone 36  3, 465 

Rock  salt 10  3,475 

Limestone 50  3, 525 

Shale,  white 15  3, 540 

Rock  salt 30  3, 570 

Limestone 10  3, 580 

Rock  salt 3  3, 583 

Shale,  white. 90  3, 673 

Limestone 5  3, 678 

Shale,  blue 32  3,710 

This  record  shows  148  feet  of  rock  salt.  If  the  alternating  strata 
of  limestone  are  similar  to  those  farther  west  in  having  many  large 
holes  filled  with  salt,  then  the  total  quantity  is  much  in  excess  of  148 
feet.  The  record  shows  that  the  salt  strata  extend  to  the  eastern 
line  of  the  State.  Although  the  data  from  well  records  in  New  York 
do  not  warrant  the  statement  that  the  salt  beds  of  New  York  are 
coextensive  with  those  of  Ohio,  the  presumption  that  this  is  so  is 
strong,  as  comparatively  recent  records  have  shown  the  existence 
of  rock  salt  in  Erie  and  Cattaraugus  Coimties,  in  localities  where  it 
was  formerly  considered  not  present.  The  southern  limit  of  the 
salt  deposits  has  not  been  determined,  because  the  strata  dip  south 
and  east,  and  the  salt  lies  so  deep  that  it  has  not  been  reached  by 
the  drill.  Westward,  also,  the  limit  has  not  been  determined,  but 
can  not  extend  as  far  as  Sandusky,  according  to  the  following  record 
obtained  near  that  place,  although  too  much  weight  must  not  be 
attached  to  the  evidence  of  a  single  well.® 

o  Orton,  Edward,  Report  of  the  geological  survey  of  Ohio,  petroleum  and  natural  gas:  Ohio  QeoL 
Survey,  vol.  6, 1888,  p.  195. 
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Log  ofwellt  Scmdtiskyy  Erie  County,  Ohio. 

Thickness,    Depth, 
Material.  feet.  feet. 

Drift 10        

Liiiiestone,  Comiferous 100  110 

Lunestone,  Monroe  and  Niagara 970  1, 080 

Shale,  Niagara  and  Clinton  formations 105  1, 185 

Shale,  Medina 175  1,360 

'  Shale  and  limestone,  Cincinnati 500  1, 860 

Shale,  Utica 310  2,170 

Shale,  not  recorded 40  2, 210 

Limestone,  Trenton,  at 2, 210 

Considering  the  area  beneath  which  salt  is  known  to  exist,  and  the 
number  and  thickness  of  the  salt  beds,  the  conclusion  seems  war- 
ranted that  northeastern  Ohio  contains  enough  salt  to  last  an  indefi- 
nite time  at  the  present  rate  of  consumption. 

BRINE  HORIZON  IN  SOUTHEASTERN  OHIO. 

The  salt  industry  in  southeastern  Ohio  centers  at  Pomeroy,  Meigs 
County,  where  a  natural  brine  is  worked  for  bromine  and  calcium 
chloride,  as  well  as  salt.  The  depths  of  the  wells  obtaining  brine 
have  increased  greatly.  At  first  the  wells  were  shallow,  being  re- 
ported as  about  300  feet  deep  and  as  reaching  the  horizon  of  the  first 
Cow  Rim  sand,  an  important  source  of  petroleum  in  Washington  and 
Morgan  Counties.  Later  the  wells  were  deepened  to  get  a  larger 
supply  of  brine.  When  this  proved  inadequate  the  wells  were  again 
deepened. 

The  following  skeleton  record  of  a  well  belongii^  to  the  Buckeye 
Salt  Co.  is  interesting.  The  well  head  is  25  feet  below  the  Pomeroy 
or  No.  8  coal. 

Log  of  well  near  Pomeroy,  Meigs  County y  Okio.^ 

Thickness,    Depth, 
Material.  /eet.  feet. 

Conductor 58        

Shale 492  550 

Sand,  white  and  gray 320  870 

Sand,  white,  and  date 90  960 

Big  salt  sand 170  1, 130 

Sand  and  white  shale 365  1, 495 

Strata  unrecorded 50  1,545 

Berea  grit 26  1, 570 

Steata  unrecorded 20  1, 590 

a  Brines  were  struck  at  320  feet;  density  6*  B.;  at  710  feet,  density  9*  B.;  at  980  feet,  density  0*  B.,  and 
at  l,560feet,  density  16*  B. 
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Another  record  furnished  by  the  Liverpool  Salt  &  Coal  Co.  is  as 
follows: 

Log  of  well  at  Hartford,  Mason  County,  W,  Va. 

Material."  Thickness,   Depth, 

Surface  to '^Horseneck" t 300        

**Horseneck  "  (containing  oil  and  gas) 50  350 

Chiefly  shale 110  460 

First  Cow  Run  sand  (much  water,  no  oil) 40  500 

Shale,  etc 250  750 

Second  Cow  Run  sand 40  790 

Shale,  etc 210  1, 000 

First  salt  sand 50  1, 050 

Shale 55  1,105 

Second  salt  sand * . . ." 60  1, 165 

As  soon  as  the  second  salt  sand  was  reached  the  brine  rose  in  the 
well  to  a  distance  of  600  feet  from  the  surface.  In  all,  the  well  was 
drilled  to  a  depth  of  l,359i  feet,  but  soon  partly  filled.  The  well 
was  to  go  to  the  Berea,  but  the  voliune  of  water  would  have  required 
another  line  of  casing.  A  very  small  coal  seam  was  reported  in  the 
record,  but  its  exact  position  was  not  given. 

CHARACTER   OF  BRINE. 

* 

As  stated  in  the  table  on  page  13,  the  brine  in  the  Berea  was  much 
denser  than  that  in  the  overlying  rocks.  The  quantity,  however, 
was  small,  and  the  well  is  pumped  from  the  horizon  of  the  Big  Salt 
sand  (PottsviUe),  depths  1,105  to  1,165  feet  in  the  record  given 
above.  The  company  has  five  wells,  the  depths  varying  from  1,089 
to  1,590  feet,  thq  latter  penetrating  the  Berea.  The  Excelsior  Co. 
has  four  weUs,  whose  depths  range  from  1,100  to  1,200  feet.  Wells 
drilled  farther  east  go  deeper,  because  the  beds  dip  in  that  direction. 

When  drilling  first  began  here  the  water  is  said  to  have  risen 
nearly  to  the  well  heads  and  to  have  overflowed  from  some  wells. 
As  pumping  progressed  the  reservoirs  of  brine  were  lowered,  and  the 
tubing  was  extended  deeper  into  the  wells. 

For  many  years  the  Excelsior  works  have  piunped  from  the  750- 
foot  level.  The  brine  is  said  to  rise  shghtly  when  wells  in  neigh- 
boring plants  are  not  in  action.  The  density  of  the  brine  increases 
in  the  direction  of  the  dip  of  the  rocks — that  is,  to  the  southeast — as 
is  shown  in  the  following  table: 

Increase  of  density  with  depth  of  natural  brine,  PoTneroy,  Ohio. 

Den-  Tempet^   ^ 

sitv  of  ature  of 

brine,  brine, 

•B.  •¥, 

Pomeroy  Salt  Works,  west  end  of  Pomeroy 8  61. 5 

Excelsior  Salt  Co.,  east  end  of  Pomeroy 8. 5  63 

Syracuse  Salt,  Bromine  &  Calciimi  Works  (not  now  oper- 
ated)   10.5  62.5 

a  The  names  of  the  sands  are  those  applied  by  the  driller. 
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According  to  Bownocker,**  the  yariation  in  density  is  due  to  the 
heavier  brines  seeking  the  lower  level.  The  variations  in  temperature 
result  in  part  from  the  different  conditions  imder  which  the  measure- 
ments were  made.  The  variation  is  also  due  in  part  to  the  wells  to 
the  southeast  being  deepi^r. 

The  quantity  of  brine  that  has  been  taken  from  these  rocks  is 
enormous,  much  more  than  the  rocks  could  at  any  one  time  contain, 
and  the  excess  has  doubtless  come  from  surrounding  territory. 
The  brine-bearing  strata  dip  toward  Pomeroy  from  the  northwest. 
As  the  brine  has  been  pumped  from  the  weUs^  the  supply  has  been 
renewed  from  the  rocks  lying  at  a  higher  level. 

WEST  VIBOINIA. 
POSITION  OF  SALT  FIELDS. 

West  Virginia  is  an  important  producer  of  salt  from  natund 
brines,  part  of  which  is  from  sandstones  in  the  Carboniferous. 
These  brines  are  also  an  important  source  of  bromine  and  calcium 
chloride. 

The  natural  brines  now  utilized  imderlie  the  regions  along  Ohio 
and  Elanawha  Rivers.  The  Ohio  River  field  is  coextensive  with 
that  in  Ohio,  Mason  and  Hartford,  in  Mason  Coimty,  being  the  cen- 
ters of  the  industry  in  this  part  of  the  State.  Maiden,  6  miles  above 
Charleston,  is  the  site  of  the  salt,  bromine,  and  calcium  chloride 
industry  on  the  Kanawha  River. 

The  Ohio  River  area  in  West  Virginia  is  geologically  a  part  of  the 
Pomeroy  district  of  Ohio.  Mason,  one  of  the  centers  of  the  salt 
industry  in  West  Virginia,  is  situated  nearly  opposite  Pomeroy, 
and  Hartford  is  a  short  distance  farther  up  the  river.  The  geologic 
occurrence  of  the  brines  at  Pomeroy,  Ohio,  has  already  been  dis- 
cussed.    (See  pp.  13  and  14.)* 

KANAWHA  RIVER   AREA. 

The  record  of  a  deep  well  drilled  for  gas  on  the  Cool  Spring  Branch 
of  Burning  Springs  Hollow,  2  or  3  miles  from  Maiden,  throws  some 
light  on  the  geological  horiz6n  from  which  brines  are  obtained  on 
the  Kanawha  River  near  Charleston.  The  horizon  of  the  mouth  of 
the  well  is  thought  to  be  far  from  the  surface  at  the  wells  near  Mai- 
den. According  to  White,*^  the  Salt  Sand  in  this  record  is  837  feet 
thick,  and  yields  the  brine  that  contains  the  salt  and  bromine  ob- 
tained in  the  plant  at  Maiden.  The  term  '^Salt  Sand,"  as  used  by 
White,  appears  to  be  equivalent  to  Pottsville  group. 

o  Bownocker,  J.  A.,  work  quoted,  p.  26. 

<>  See  also  Phalen,  W.  C,  Salt  resources  of  the  United  States:  U.  8.  Qeol.  Survey  Bull.  669.   In  course 
of  publication. 
c  White,  I.  C,  Petroleum  and  natural  gas  precise  levels:  West  Virginia  Geol.  Survey,  vol.  Ic,  1904,  p.  272. 
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PENNSYLVANIA. 
SITUATION   OF   SALT   FIELDS. 

Salt,  bromine,  and  calcium  chloride  from  natural  brines  have  been 
obtained  in  recent  years  on  the  North  Side,  in  Pittsburgh,  Pa.  Early 
in  1914,  however,  the  industry  was  discontinued  because  the  brines 
became  so  dilute  that  their  treatment  was  unprofitable. 

At  the  salt  plant  four  wells  were  in  operaticm.  One  well,  one  of  the 
deepest  in  Pennsylvania,  reached  a  depth  of  4,089.5  feet,  and  pene- 
trated nearly  4,000  feet  of  beds  that  do  not  outcrop  near  by.  Brine 
was  obtained  in  this  well  at  a  depth  of  1 ,405  feet,  from  a  sand  desig- 
nated in  the  record  as  "salt  sand."  This  sand  is  probably  in  the 
Pocono  formation,  of  Mississippian  age,  and  possibly  is  the  equivalent 
of  the  Berea  sandstone.^    The  record  of  the  well  is  as  follows: 

Log  of  the  John  A.  Beck  No.  4  ff<ts  well  at  Pittsburgh^  Allegheny  County ^  Pa. 

Thickness,      Depth, 
Material.  feet.  feet. 

Aahesand  clay 20  20 

Gravel 49  69 

Slate  (water  at  95  feet) 30  99 

Sand  (drive  pipe,  75  feet) 40  139 

Slate 81  220 

Sand 50  270 

Slate 15  285 

Lime 5  290 

Slate 89^  379 

Coal 7  386 

Slate  (10-inch  casing,  390  feet) 50  436 

Lime 30  466 

Slate 10  476 

Sand *.  -  -  30  506 

Slate 10  516 

Lime 15  -  531 

Sand '- 45  576 

Slate 124  700 

Sand 10  710 

Slate  (8}-inch  casing,  840  feet) 35  745 

Sand,  Big  Injun 319  1,064 

Slate 10  1, 074 

Sand 70  1, 144 

Slate 15  1, 159 

Sand 20  1, 179 

Slate 5  1, 184 

Sand 20  1, 204 

Slate  and  shell 46  1,395 

Salt  sand  (salt  water  at  1,405  feet) 95  1, 490 

Sand •. 30  1, 520 

Slate 10  1, 530 

a  Mann,  M.  J. ,  Oil  and  gas  fields  of  the  Carnegie  quadrangle,  Pennsylvania:  U.  8.  Geol.  Survey  BoIL 
456, 1911,  pp.  11-12. 
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Thickness, 
Maleriul.  feet. 

Sand 115  1 

Slate  (6|-inch  casing,  1,645  feet) 5  1 

Sand  (little  gas  at  1,666  feet) 10  1 

Slate 60  1 

Sand 30  1 

Slate 20  1 

Sand  (Gordon  Stray?) 10  1 

Slate 5  1 

Red  rock 5  1 

Sand  (Gordon?) 30  1 

Slate 35  1 

Sand 10  1 

Slate  and  shell 60  1 

Sand,  fifth 23  1 

Slate  and  shell 82  2 

Sand 10  2 

Slate  and  shell 310  2 

Sand 30  2 

Slate 110      •     2 

Sand 40  2 

Slate 36  2 

Sand 40  2 

Slate 196  2 

Sand 20  2 

Slate 580  3 

Sand 40  3 

Slate  and  shell 660  4 

Sand 40         .  4 

Slate  and  sheU .- 5 49.5  4 


Depth, 
feet. 

645 

650 

660 

710 

740 

760 

780 

786 

790 

820 

866 

866 

925 

948 

030 

040 

360 

380 

490 

630 

665 

606 

800 

820 

400 

440 

000 

040 

089.5 


Two  other  records  of  deep  wells  in  western  Pennsylvania  show 
that  the  salt-bearing  formation  of  western  New  York,  the  SaUna, 
extends  into  western  Pennsylvania.  One  of  these  wells,  known  as 
the  Derrick  City  or  Bradford  City  well,  was  drilled  by  the  Bradford 
Deep  Well  Co.,  4  miles  northeast  of  Bradford,  McKean  Coimty,  Pa.,  in 
1912  and  1913.  This  well  reached  a  depth  of  6,820  feet,  and  struck 
four  beds  of  salt,  ranging  in  thickness  from  10  to  47  feet.  The  top  of 
the  highest  salt  bed  was  at  a  depth  of  4,490  feet,  and  the  base  of  the 
lowest  was  at'  4,713  feet,  the  salt-bearing  beds  thus  extending 
through  a  total  thickness  of  223  feet. 

The  other  deep  well,  known  as  the  McDonald  well,  is  situated  about 
4  miles  northwest  of  McDonald,  Washington  County,  Pa.,  some  14 
miles  southwest  of  Pittsburgh.  In  this  weU,  salt  water  was  en- 
coimtered  at  approximately  6,825  feet,  and  rock  salt  was  found  in 
the  35()^foot  interval  between  6,825  feet  and  7,175  feet. 
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VIRGINIA. 

The  only  economically  important  deposits  of  salt  in  Virginia  are  in 
the  southwestern  part  of  the  State.  These,  with  the  gypsum  de- 
posits, imderhe  for  20  miles  the  valley  of  the  north  fori  of  the  Hol- 
ston  River,  and  have  been  developed  rather  extensively  in  Smyth 
and  Washington  Counties.  Two  gypsimi  plants  and  one  alkaU 
works  in  which  salt  is  utilized  are  now  in  operation. 

The  salt  and  gypsum  deposits,  according  to  Eckel,*  lie  within  the 
lower  member  of  the  Greenbrier  (Newman)  Umestone,  which  is  600 
to  1,000  feet  thick,  and  consists  of  shaly  limestones  with  one  or  more 
beds  of  gypsimi  underlain  by  blue  shales,  or  "slates,''  that  are  in 
tiUTi  imderlain  by  shales  or  shaly  hmestones  containing  thick  beds  of 
rock  salt.  This  lower  member  of  the  Newman  limestone  seems  to 
be  local,  as  it  has  been  recorded  only  in  this  region. 

None  of  the  earher  wells  driUed  on  the  Robertson  property  south- 
west of  Saltville  show  an  appreciable  quantity  of  salt,  perhaps 
because  there  was  no  salt  where  the  drilling  was  done,  or  because 
drilling  stopped  before  reaching  the  salt.  Although  no  records  of 
the  wells  are  obtainable,  salt  was  reached  at  a  depth  of  800  feet,  and 
it  is  said  that  the  aggregate  thickness  of  the  rock-salt  beds  penetrated 
is  175  feet. 

In  a  description  of  the  area  Stose  ^  divides  the  Mississippian  rocks 
there  into  three  formations  as  follows:  (1)  An  upper  limestone  called 
the  Newman. limestone,  with  a  thickness  of  about  3,326  feet;  (2)  the 
Maccrady  formation  of  shales,  sandstones,  and  hmestones,  with  a 
thickness  of  1,025  feet,  more  or  less;  and  (3)  the  Price  sandstone, 
with  a  thickness  of  327  to  424  feet.  The  most  striking  fact  is  that 
the  gypsimi  and  salt  deposits  of  the  district  have  been  foimd  in 
quantity  only  in  the  shales  of  the  Maccrady  formation  along  the 
SaltviUe  fault. 

Stose  differs  from  Eckel  hi  regard  to  the  origin  of  the  salt  and 
gypsum  deposits,  beheving  them  to  be  largely  secondary  and  not 
primary,  and  to  have  been  derived  from  calcareous-argillaceous  sedi- 
ments originaUy  containing  disseminated  gypsum  and  salt  which 
precipitated  in  a  partly  inclosed  arm  of  the  sea.  The  disseminated 
salt  and  gypsum  was  subsequently  concentrated  in  the  same  forma- 
tion by  groimd  waters  circulating  along  the  fault  zone  between  the 
Carboniferous  and  Cambrian  rocks. 


o  Eckel,  E.  C,  Salt  and  gypsum  deposits  of  southwestern  VirglnJa:  U.  S.  Geol.  Survey  BulL  213, 1908» 
pp.  406-416. 

i>  Stose,  O.  W.,  Geology  of  the  soli  and  gypsum  deposiU  of  southwestern  ViiglDja:  U.  8.  Oeol.  Survey 
Bull.  530, 1912,  pp.  232-255. 
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Following  is  a  generalized  record  of  a  typical  well  on  the  property 
of  the  Mathieson  Co.  at  SaltviUe,  Smyth  County:  ** 

Oeneralized  record  of  typical  well  of  Mathieson  Co.y  Saltville,  SmyA  County  y  Va. 

Thickness,     Depth, 
Material.  feet.  feet. 

Limestone  and  shale 26  26 

Shale  and  gypsum 195  221 

Mostly  shale  with  gypsum  and  some  rock  salt 359  580 

Mostly  limestone  witii  shale,  gypsum,  and  rock  salt 215  795 

Mostly  shale  with  gypsum  and  rock  salt 100  895 

Mostly  rock  salt  with  little  shale 197  1, 092 

KANSAS. 
RELATIVE   IMPORTANCE  OF  KANSAS   SALT  INDUSTRY. 

In  1915,  Kansas  ranked  fourth  among  the  States,  both  in  the 
quantity  and  the  value  of  the  salt  made  that  year.  The  State  pro- 
duces much  rock  salt  and  also  evaporated  salt  made  by  the  open- 
pan,  grainer,  and  vacuum-pan  processes. 

POSITION   AND   EXTENT   OF   SALT  DEPOSITS. 

In  a  small  part  of  north,  middle,  and  south-central  Kansas  salt 
occiu^  in  salt  marshes  as  brine.  During  the  dry  season  this  brine 
evaporates,  leaving  rock  salt  in  the  so-called  salt  plains.  Salt  from 
this  som^ce  is  not  at  present  utihzed,  so  far  as  known. 

The  rock  salt  now  worked  at  Lyons  and  Kanopolis,  and  supplying 
the  brines  at  Ellsworth,  Hutchinson,  Sterling,  Lyons,  Anthony,  and 
other  places,  hes  well  below  the  surface.  Salt  in  the  form  of  brine 
also  occurs  in  certain  beds  of  the  Permian  and  Pennsylvanian  ("Coal 
measures'')  in  the  eastern  part  of  the  State.  Rock  salt  is  known  to 
exist  below  the  siu^ace  in  the  south-central  part  of  Kansas,  including  * 
aU  of  Rice  and  Kingman  Coimties,  nearly  aU  of  Reno  County,  and 
parts  of  Saline,  Ellsworth,  Barton,  McPherson,  StalBford,  Harvey, 
Pratt,  Sedgwick,  Barber,  Harper,  and  Sumner  Coimties. 

The  rock-salt  beds  of  Kansas  lie  in  rocks  of  Permian  age,  that  form 
the  Marion  formation.  These  thin  to  the  eastward  beyond  Welling- 
ton and  Little  River  and  die  out,  possibly  without  cotoiing  near  the 
surface.  The  salt  springs  at  Geuda  Springs,  Sumner  County,  are 
thought  to  have  their  origin  in  these  salt  beds.  How  far  the  salt  and 
associated  beds  extend  westward  is  not  known.  To  the  north  and 
south  the  beds  are  fairly  well  known  through  drill  records,  from 
Kanopolis,  Ellsworth  Coimty,  on  the  north,  to  Anthony,  Harper 
County,  on  the  south;  that  is,  nearly  to  the  Kansas-Oklahoma  State 
line.    The  beds  thin  northward.    At  Anthony  they  are  404  feet 

a  Stose,  G.  W.,  work  quoted,  p.  252. 
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thick  (depth  946  to  1,350  feet);  at  Eingman,  415  feet  thick  (depth 
665  to  1,080  feet);  at  Hutchmson,  380  feet  thick  (depth  430  to  810 
feet);  at  Lyons  they  are  275  feet  thick  (depth  793  to  1,068 feet);  and 
at  Kjanopolis  about  250  feet  thick  (depth  630  to  880  feet).  If  they 
maintained  this  rate  of  thinning  from  Hutchinson  northward,  the 
salt-bearing  beds  would  disappear  before  reaching  the  Nebraska  line. 
Where  more  than  one  record  is  obtainable  at  a  given  place,  for 
example,  Hutchinson,  the  exact  thickness  of  the  salt-bearing  beds 
and  the  depth  to  the  topmost  bed  vary  somewhat  and  may  vary 
considerably  from  the  figures  given.  The  records  of  the  wells  at 
Kanopolis,  Lyons,  Hutchinson,  Kingman,  and  Anthony  contain  no 
reference  to  appreciable  quantities  of  gypsum  below  the  salt.   - 

LOXnSIANA. 
BELATIVB  IMPORTANCE  OP  LOUISIANA   SALT  PEODUOTION. 

Louisiana,  in  1915,  ranked  fifth  in  the  quantity  but  sixth  in  the 
value  of  the  salt  produced.     The  output  in  this  State  is  rock  salt. 

SITUATION   OF  DEPOSITS. 

Although  salt  occurs  in  two  distinct  parts  of  the  State,  namely,  the 
north  central  "^nd  northern  part,  and  the  southern  part,  the  more 
important  known  deposits  and  those  worked  at  present  are  in  the 
southern  part  of  the  State  close  to  the  Gulf  coast. 

SALINES  OP  NORTHERN  LOUISIANA. 

In  the  northern  part  of  Louisiana,  in  the  valley  of  Sabine  River, 
salt  springs  are  known  at  Negreet,  about  1.5  miles  above  the  mouth 
of  Bayou  Negreet  in  Sabine  Parish,  in  the  SW.  i  sec.  24,  T.  5  N., 
R.  13  W.;  at  Stone  Coal  Bluff  Saline,  in  sec.  33,  T.  6  N.,  R.  13  W.; 
near  Many  on  the  road  from  Marthaville  to  Many  near  Rock  SpringjS 
Church  in  the  NE.  J  sec.  24,  T.  8  N.,  R.  11  W. 

In  the  valley  of  Red  River  are  situated  the  following:  Bayou  Castor 
Saline,  5  miles  north  of  RocheUe  or  about  4  miles  above  the  mouth  of 
Dugdemona  River;  Catahoula  Salt  Springs,  on  Catahoula  Lake; 
Browns  Saline,  6  miles  west  of  TuUos  or  18  miles  southeast  of  Winn- 
field  on  Dugdemona  River;  near  Georgetown  at  Rochelle,  TuUos,  and 
Selma;  northwest  of  Winnfield,  Winn  Parish,  at  Cedar  Bayou  Saline 
and  at  Coochie  Dome. 

Important  salines,  from  which  much  evaporated  salt  was  obtained 
during  the  Civil  War  and  earUer,  were  known  as  Drake's,  Price's, 
Raybum's,  and  King's,  after  the  names  of  their  respective  owners  or 
managers.  Bistineau  Saline,  the  larg(^t  saline  in  northern  Louisi- 
ana, was  situated  in  Lake  Bistineau,  in  sees.  25,  26,  35,  and  36,  T. 
18  N.,  R.  10  W. 
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A  full  account  of  the  more  important  salines  of  northern  Louisiana 
is  given  by  Veatch.^ 

SALINES  OP  SOUTHERN   LOUISIANA. 

The  most  important  salt  deposits  of  the  State  are  on  the  Five 
Islands,  or  Salt  Islands  as  they  are  sometimes  called,  namely,  Petite 
Anse,  Grande  C6te,  Belle  Isle,  C6te  Blanche,  and  C6te  Carline.  On 
Averys  Island  (Petite  Anse)  and  Weeks  Island  (Grande  C6te),  rock 
salt  is  now  being  mined  on  an  extensive  scale. 

Other  localities  in  southern  Louisiana  where  the  geologic  conditions 
are  similar  to  those  on  the  Five  Islands  and  where  rock  salt  or  salt 
water,  indicating  the  possible  presence  of  rock  salt,  has  been  foimd 
in  deep  drillings,  are  Anse  la  Butte,  Prairie  Mamon,  Welsh,  Chicot, 
Vinton,  and  Hackberry. 

Rock  salt  is  mined  on  Orande  Cdte  (Weeks  Island)  and  Petite 
Anse  (Averys  Island). 

GBANDE  c6tE    (wEEKS  ISLAND). 
SITUATION. 

Grande  Cdte  is  situated  on  the  east  shore  of  Weeks  Bay,  an  east- 
em  lobe  of  Vermilion  Bay,  in  Iberia  Parish,  and  can  be  reached  by 
the  Cypremort  branch,  from  Baldwin,  of  the  Southern  Pacific  Rail- 
road. Grande  Cdte  is  the  largest  of  the  Five  Islands,  which  have  been 
described  by  Veatch,*  though  it  is  barely  2  miles  in  diameter. 

The  geology  of  the  beds  at  the  two  localities  producing  salt  is 
described  below  in  some  detail,  because  the  occurrence  of  the  salt  and 
the  associated  gypsum  and  sulphur  is  quite  different  from  that  of 
the  salt  mined  elsewhere  in  the  United  States.  The  description  below 
may  be  considered  typical  of  deposits  in  most  other  parts  of  the  Gulf 
coastal  plain  of  Louisiana  and  Texas.  Fuller  discussions  of  the 
geology  and  hypotheses  of  origin  can  be  found  in  Bulletin  669  of  the 
tlnited  States  Greological  Survey.® 

OCCURBENCB  OF  SALT. 

At  Weeks  Island  a  great  mass  of  rock  salt  has  formed  or  is  form- 
ing beneath  the  superficial  beds  of  unconsolidated  sands,  clays,  and 
gravels.  The  topography  is  Aot  rugged  and  there  are  few  outcrops. 
The  uppermost  bed  on  the  island  is  a  yellow  loamy  clay,  which  is 
exposed  in  a  few  places. 

a  Veatch,  A.  C,  The  salines  of  north  Looisiana:  Louisiana  Oed.  Survey  Rept.,  pt.  6, 19Q2,  pp.  47-100. 

b  Veatch,  A.  C,  The  Five  Islands:  Louisiana  Geol.  Survey  Kept,  for  1899,  pt.  5,  pp.  231-237;  Geology 
and  agricolture,  Louisiana  Qeol.  Survey,  Special  Rept.  No.  3, 1899,  p.  209  et  seq. 

e  Phalen,  W.  C,  Salt  Resources  of  the  United  States:  U.  8.  Qeol.  Survey  BuU.  669.  In  oourse  of  pul>- 
Ucation. 

98088'*— 17 BuU.  146 3 
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The  records  of  44  wells  in  different  parts  of  the  island  begin  in 
clay  that  is  40  to  60  feet  thick.  Below  the  clay  are  sands,  ferruginous 
in  places,  sand  containing  chert  pebbles,  and  gray  sandy  clays,  tilted 
at  various  angles  and  striking  in  different  directions.  The  records 
show  gravel  and  sand  layers  that  are  several  hundred  feet  thick  in 
places.  The  salt  is  usually,  though  not  everywhere,  overlain  with 
a  few  feet  of  clay,  for  some  of  the  wells  show  layers  of  lignite  just 
above  the  salt. 

The  salt  mass  of  the  island  comes  closest  to  surface  near  the  mine, 
slopes  abruptly  south  and  west,  less  abruptly  east,  and  slightly  north- 
ward. It  occupies  the  west  side  of  the  island  and  appears  to  extend 
a  little  west  of  the  main  ridge.  Its  form  is  that  of  an  elongated  dome 
with  the  north-south  diameter  longer  than  the  other.  The  upper 
surface  of  the  salt  mass  is  known  to  be  irregular  and  to  bear  Uttle 
relation  to  the  surface  irregiilarities  of  the  island.  The  general  shape 
of  the  salt  mass  is  regarded  by  Harris**  as  having  been  formed  some- 
what as  it  is  at  present  and  not  to  be  due  mainly  to  erosion  or  sub- 
terranean solution. 

PETITE  ANSE    (AVERTS   ISLAND). 
SITUATION. 

Petite  Anse  or  Averys  Island  is  situated  in  Iberia  Parish  about 
10  miles  south-southwest  of  Now  Iberia,  in  T.  13  S.,  R.  5  E.  and  6  E., 
Louisiana  prime  meridian. 

OCCURKENCE   OF  SALT, 

Veatch  and  others  have  described  the  geology  of  Petite  Anse  in 
considerable  detail.''  According  to  Harris,*  the  details  given  in  the 
earlier  descriptions  *'are  of  no  serious  moment  in  the  interpretation 
of  the  geology  of  this  and  the  other  salt  islands.  All  beds  here  seen 
are  admittedly  of  Quaternary  age;  none  containing  anything  that 
can  not  be  referred  to  inter  or  post  glacial  times." 

A  brownish-yellow  loamy  soil  forms  the  greater  part  of  the  surface. 
Exposures  of  gravel  are  commoner  than  on  the  other  islands,  but  seem 
to  be  confined  chiefly  to  the  southern  end  of  the  island.  In  the 
northern  part  are  numerous  outcrops  of  a  variegated  chocolate- 
yellow  or  green  jointed  clay.  A  bed  of  lignite  was  found  at  the 
head  of  Iron  Mine  Run  Hollow,  and  vertebrate  remains  of  Pleisto- 
cene (according  to  Veatch)  mammalia  have  been  found. 

o  Harris,  Q.  D.,  Rock  salt:  Louisiana  Oeol.  Survey  Rept.  for  1007,  Bull.  7, 1908,  pp.  8-0. 
b  Veatdi,  A.  C,  The  Five  Islands:  Louisiana  Oeol.  Survey  Bept.  for  1890,  pt.  5,  pp.  237-363;  Geology 
and  agriculture,  Special  Rept.  No.  3,  Louisiana  Oeol.  Survey,  1800,  pp.  243-248. 
c  Harris,  G.  D.,  Rook  salt:  Louisiana  Oeol.  Survey  Rept.  for  1007,  BuU.  7,  1006,  pp.  14-17. 
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The  records  of  two  wells  on  the  island  are  given  below: 

Section  of  well  near  sugar  Jumsej  Petite  Anse,  La. 

ICateriftl.  Thickness,     Depth, 

feet.  feet. 

Superficial  detritus 330  

Rock  salt 2,263  2,593 

Blue  gas  sand 70  2,663 

Salt y 66  2,729 

Section  of  well  at  pumping  station.  Petite  Anse,  La. 

Matedal.o  Thic^jiess,      Depth, 

feet.  feet. 

YeUowishclay 600        

Gravel 200  700 

Grayish  sand 2,112       2,612 

The  upper  surface  of  the  salt  mass  is  irregular,  as  on  Weeks  Island  ^ 
and  in  a  few  places  rises  slightly  above  sea  level.  Consequently  the 
rock  salt  Hes  higher  than  on  Grande  Cote  or  at  any  other  point  in 
the  State.  Brine  springs,  well  known  long  before  rock  salt  was 
actually  discovered,  attest  the  elevation  of  the  salt. 


SrrUATION   OF  SALT-PEODUCING  AREAS. 

Salt  in  Texas  in  recent  years  has  come  chiefly  from  Palestine, 
Anderson  County,  and  Grand  Saline,  Van  Zandt  Coimty,  in  the 
eastern  part  of  the  State.  Colorado,  Mitchell  County,  in  the  western 
part  of  the  State,  was  formerly  a  salt-producing  center,  but  only 
solar  salt  now  comes  from  there.  The  industry  of  large  commercial 
importance  is  confined  chiefly  to  the  manufacture  of  evaporated  salt, 
but  the  salt  formed  naturally  by  solar  evaporation,  in  the  playas  of 
the  western  and  the  lagoons  of  the  southwestern  part  of  the  State, 
is  used  locally. 

Rock  salt  has  been  found  at  the  following  localities  in  southeast- 
em  Texas,  all  within  the  area  mapped  Pleistocene  and  Kecent  by 
Deussen:  ^  Spindletop,  Jefferson  County;  Sour  Lake,  Hardin  Comity; 
High  Island,  Galveston  County;  Damon  Mound,  Brazoria  County; 
and  Dayton  HiU,  Liberty  County;  and  there  is  a  single  mention  of 
salt  in  drilling  at  Batson,  Hardin  County.*  According  to  the  drillers, 
12  feet  of  salt  were  found  in  a  well  northeast  of  the  center  of  the 
Batson  field  at  a  depth  of  1,007  feet,  or  130  feet  above  the  oil  rock. 
In  the  absence  of  other  mention  of  salt  in  this  field,  this  record  can 
not  be  accepted  without  reserve.    According  to  Harris,^  streaks  of 

a  Qravel  bed  at  about  1,500  feet.    No  salt  or  water  found  by  the  well. 

*  Doeesen,  A.,  Geology  and  underground  waters  of  the  southeastern  part  o(  the  Texas  Coastal  Plain: 
U.  8.  G«6I.  Survey  Water  Supply  Paper  335, 1914,  PL  I;  see  also  Fenneman,  N.  M.,  Oil  fields  of  the  Texas- 
Louisiana  Oulf  Coastal  Plain:  U.  S.  Geol.  Survey  Bull.  282, 1006,  p.  9. 

e  Fenneman,  N.  IC,  work  <iaoted,  p.  53. 

d  Harris,  O.  D.,  Rook  salt:  Louisiana  Oed.  Survey  Rept.  for  1007,  Bull.  7, 1006,  p.  47. 
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salt  were  found  at  Easers  ^illy  Brazoria  County.  Though  no  rock 
salt  was  struck,  salt  water  in  abundance  was  found  at  some  depth 
in  drilling  for  oil  and  gas  at  Saratoga,  Hardin  County;  Big  Hill, 
Jefferson  County;  and  Humble,  Harris  County.  Without  doubt  rock 
salt  is  known  in  many  other  localities. 

INDUSTRIAL  DEVELOPMENT. 

At  none  of  the  locahties  mentioned  above  has  salt  ever  been 
mined,  and  so  far  as  known  no  serious  attempts  have  been  made  to 
obtain  it  by  evaporation  of  the  natural  brines.  The  wells  were 
drilled  for  gas  and  oil,  and  some  were  enormously  productive.  In- 
cidentally they  have  greatly  increased  our  knowledge  of  the  under- 
ground formations  and  the  structure  of  the  Gulf  Coast  domes;  with- 
out them  any  well-substantiated  theory  of  the  origin  of  the  domes 
would  have  been  difficult,  if  not  impossible.  At  some  futi^re  time  the 
salt  may  prove  of  value.  Already  the  sulphur  deposits  at  Freeport, 
Bryan  Heights,  Brazoria  County,  Tex.,  are  being  worked  in  the  same 
manner  as  those  at  Sulphur  City,  Calcasieu  Parish,  La. 

SALINES   OF   EASTERN   TEXAS. 
SITUATION. 

The  principal  salines  so  far  described  in  eastern  Texas  are:  Grand 
Saline,  Van  Zandt  County;  Palestine,  Anderson  Coimty;  Steen  Sa- 
line and  Brooks  Saline,  Smith  County;  and  a  saline  2  miles  east  of 
Butler,  Freestone  County. 

Most  of  the  salines  are  low,  flat  areas,  occupying  a  depression 
where  brine  has  been  obtained  by  sinking  shallow  wells  and  salt  has 
been  made  by  evaporation.  They  are  surrounded  by  wooded  hills 
containing  white  or  gray  limestone  that  are  in  places  siliceous  and 
in  places  glauconitic.  Each  depression  is  usually  marshy  and  may 
hold  water  during  the  winter.  As  summer  approaches,  the  water 
evaporates,  leaving  an  incrustation  of  salt. 

These  salines,  like  those  in  northern  Louisiana,  do  not  form  mounds 
or  islands,  but  their  origin  is  regarded  as  being  the  same  as  that  of 
the  domes  near  the  coast  of  Texas  and  Louisiana. 

GRAND  SALINE. 

Grand  Saline  is  situated  in  northeastern  Texas,  in  Van  Zandt 
Coimty,  on  the  main  line  of  the  Texas  Pacific  Raibx)ad  running  east 
from  Dallas.    The  Texas  Short  Line  Railway  also  enters  the  town. 

The  saline  itself  is  a  small  prairielike  sandy  plain,  in  which  the 
sand  is  strongly  impregnated  with  salt.  It  is  about  1  mile  long, 
east  and  west,  and  about  one-half  mile  wide,  north  and  south.  The 
borings  made  indicate  that  the  beds  underlying  it  are  compara- 
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lively  level,  though  in  this  general  region  the  strata  have  been  some- 
what disturbed. 

Six  wells  have  been  drilled  at  Grand  Saline,  four  at  the  plants  of 
B.  W.  Carrington  &  Co.,  and  two  at  the  plant  of  the  Grand  Saline  Salt 
Co.  In  1912  one  well  was  used  at  each  of  the  two  plants  of  the  Car- 
rington company,  and  one  well  at  the  plant  of  the  Grand  Saline  Salt  Co. 
The  exact  thickness  of  the  rock  salt  in  all  the  wells  is  not  known, 
but  is  known  to  be  only  local.  The  salt  pinches  out  a  few  hundred 
feet  east  of  the  plant  of  the  Grand  Saline  Salt  Co.,  not  even  brackish 
water  being  obtained  there  at  a  depth  of  322  feet,  whereas  in  most  of 
the  other  parts  of  this  region  brackish  water  is  obtained  compara- 
tively near  the  surface.  West  of  the  town  of  Grand  Saline  salt  is 
not  encoimtered  at  depth  and  there  the  town  drinking  water  is 
procured  at  rather  shallow  depths^  about  40  feet;  a  well  sunk  to 
1,000  feet  found  no  salt.  No  salt  has  been  found  at  any  considerable 
distance  north  or  south  of  the  town.  The  salt  bed  has  been  devel- 
oped for  only  a  mile,  and  it  is  reported  that  only  one-half  mile  appears 
favorable  for  exploitation. 

The  sections  of  two  of  the  weUs  drilled  at  Grand  Saline  are  given 
below. 

Log  of  Lone  Star  toell,  Grand  Saline ,  Van  Zandt  County,  Tex, 

ThJckness,    Depth, 
Material  penetrated.  feet.        feet. 

Brownish-gray  sandy  clay 26 

Brown  sand 8         34 

Sand  and  gravel 3         37 

Black  shaly  clay 20         57 

Lignite 3         60 

Sandy  shaly  clay 20         80 

Sandandwater 6         86 

Sandy  clay  shale 65  150 

Sandandwater 14  164 

Hard  sand  rock 6  170 

Shale  containing  pyrites 4  174 

Blue  limestone  mixed  with  streaks  of  sand  and  gray  limestone, 

blue  forming  chief  deposit 42  216 

Hard  white  sand  with  a  vein  of  salt  water,  5  per  cent  salt. . .  14  230 

Gypsum 5  235 

Rocksalt;  stopped  in  salt 120+  359+ 

Log  pf  Richardson  well,  Grand  Saline,  Van  Zandt  County,  Tex, 

ThiokiiesB,      Depth, 
Material  penetrated.  feet.  feet. 

Soil,  brownish-black  sand 3 

Sandy  clay 12  15 

Gravel  and  clay 5  20 

Yellow  sand  and  water 6  26 

Fine  blue  clay  and  gravel 2  28 

Quicksand  with  water 2  30 

Coarse  white  sand 5  35 
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Log  o/Richardsan  well,  Grand  Saline,  Van  Zandt  County,  Tex. —Continued. 

Thickness,       Depth, 
Material  penetrated.  feet.  feet. 

Blue  gray  meiiging  into  bluish-black  dirt  with  pyrite  and 

broken  limestone 48  83 

Hard  gray  limestone 3  86 

Sandy  shaly  clay  (slate?) 17  103 

Blue  clay  with  pyrite 20  123 

Shale(?) 9  132 

Shale  with  iron  pyrite 6  137 

Sandy  shale  with  pyrite 12  149 

Sandstone  with  pyrite 14  163 

Hard  blue  limestone 25  188 

Hard  gray  limestone 3.5  191.5 

Quicksand 2.5  194 

Alternate  strata  of  salt  and  limestone 18  212 

Rock  salt *. 300  512 

Bluish-gray  sand 2  514 

Black  sand  with  water;  not  penetrated 6  520 

PALESTINE. 

PaleBtine,  the  county  seat  of  Anderson  County,  is  situated  in  the 
south  central  part  of  the  county  on  the  International  and  Great 
Northern,  and  on  the  Texas  State  Railroads.  It  is  in  the  far  eastern 
part  of  the  State  and  is  about  equidistant  from  Red  River,  the  north 
line  of  the  State,  and  the  Gulf  coast. 

West  of  the  town  the  land  slopes  toward  Trinity  River,  and  6  miles 
to  the  southwest  of  the  town  is  the  saline  itself,  which  occupies  a  flat 
measuring  about  1  mile  by  half  a  mile.  Around  the  edge  of  the  flat 
incrustations  of  salt  are  observable.  The  surface  soil  is  a  dark  or 
lead-colored  clay,  as  at  Grand  Saline. 

8TBBN  SALINE. 

The  Steen  Saline  is  situated  in  the  northern  part  of  Smith  County, 
5  miles  east  of  Lindale  and  14  miles  north  of  Tyler,  on  Saline  Creek, 
just  north  of  the  forks.  The  saline  proper  is  a  small  prairie  1  or  2 
miles  in  length  and  one-half  to  three-fourths  of  a  mile  wide.  The 
surface  of  the  saline  is  covered  with  salt  incrustations  and  is  com- 
posed of  black  or  grayish-black  clays. 

Large  quantities  of  salt  were  made  at  this  saline  during  the  Civil 
War  by  digging  shallow  wells  and  evaporating  the  brine  in  huge 
kettles  and  boilers.  According  to  report,  as  many  as  20  furnaces 
were  run  at  times,  turning  out  12,000  sacks  (size  unknown)  of  salt 
daily.    It  took  190  gallons  of  water  to  make  1  bushel  of  salt.^ 

BROOKS   SALINE. 

The  Brooks  Saline  is  situated  in  the  southwestern  part  of  Smith 
County,  about  17  miles  southwest  of  Tyler.     It  is  about  2^  miles 

a  Buckley,  8.  B.,  Report  of  asslstaDt  Stete  geologist:  Texas  Qtcl,  and  Agri.  Survey  First  Ann.  Bept., 
1874,  p.  126. 
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long  and  one-half  to  three-quarters  of  a  mile  wide.  Its  surface 
consists  of  blue  and  black  clays,  and  around  its  edges  is  a  yellow 
laminated  clay. 

OOOURBBNOBS  OP  SALT  IN   WESTERN   TEXAS. 
SALT  BASIN  OF  TRANS-FEC08  REGION. 

One  of  the  salt  basins  of  western  Texas,  known  as  Salt  Basin, 
has  been  described  by  Richardson.**  It  is  situated  in  the  Trans- 
Pecos  region,  and  the  part  studied  lies  north  of  the  Texas  Pacific 
Railroad  in  El  Paso,  but  near  Culberson  County.  It  is  west  of  the 
Guadalupe-Delaware  Mountains  and  east  of  the  Sierra  Diablo. 
The  basin,  which  trends  northwest  and  southeast,  has  a  total  length 
of  150  miles,  and  the  area  described  by  Richardson  includes  70  miles 
of  this  linear  extent.  The  area  studied  is  8  to  20  miles  wide,  with  an 
average  width  of  15  miles,  and  constitutes  a  typical  inclosed  basin. 

The  salt  deposit  is  on  the  west  side  of  the  basin,  about  15  miles 
southwest  of  El  Capitan  Peak  and  slightly  more  than  50  miles  north 
of  Van  Horn.  It  occupies  a  sUght  depression,  being  one  of  several 
*'salt  lakes"  in  this  part  of  the  basin.  The  layer  of  salt  that  covers 
the  surface  is  said  jto  attain  in  places  a  thickness  of  4  to  6  inches,  but 
the  measurements  made  by  Richardson  showed  only  1  inch  of  com- 
mercially valuable  salt.  The  salt  is  grayish  white,  coarsely  crystal- 
line to  granular,  and  deliquescent.  Wind-blown  impurities  occa- 
sionally cover  its  surface.  During  the  dusty  dry  season  the  salt 
becomes  impure,  but  after  a  rain,  and  especially  in  locaUties  where 
the  surface  salt  has  been  recently  removed,  beautif id  hopper-shaped 
crystals  are  formed.  Analyses^  of  these  salt  crystals  and  of  a 
typical  specimen  of  salt  from  the  basin  are  given  in  the  following 

table: 

Analysea  of  mU  from  Salt  B<uiny  El  Paso  County ^  Tex. 

[S.  H.  Worrell,  analyst.] 

Hopper-   Typical  speci- 

shaped       menofaalt 

Constituent.  crystals.        deposit. 

Chlorine  (CI) 59.6  69.0 

Sodium  (Na) 38.6  38.3 

Calcium  (Ca) 1  Trace. 

Magnesium  (Mg) 2  Trace. 

Sulphate  radicle  (SO4) 1.2  1.0 

Potassium  (K) .0 

Silica  (SiOa) .6 

Alumina  (ALjO,) .6 

Iron  (Fe) Trace. 

Water 1.0       

100. 6  99. 5 

a  RinhardHon,  O.  B.,  Salt,  gypsam,  and  petroleum  in  Tran»-Peoos,  Texas:  U.  S.  Oeol.  Survey  BulL  aoo, 
1905,  pp.  573-A8S. 
»  Ridiardson,  Q.  B.,  work  quoted,  pp.  579-5S0. 
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COLORADO  CITY. 

Salt  is  obtamed  by  evaporation  at  Colorado  City,  Mitchell  County, 
in  the  western  part  of  the  State.  Where  the  Pennsylvanian  and 
Permian  beds  are  developed  in  this  r^on  numerous  salt  springs  and 
wells  are  found.  At  Colorado  City  rock  salt  was  found  at  a  depth 
of  850  feet  in  drilling  for  water,  and  140  feet  of  rock  salt  was  passed 
through  in  the  next  250  feet.  The  water  in  the  wells  rose  to  within 
about  150  feet  of  the  surface  and  could  not  be  exhausted  by  piunping. 
There  has  been  httle  or  no  change  in  the  character  of  the  water 
since  the  operating  company  began  work.  The  wells  are  cased  to 
the  first  bed  of  rock  salt  at  850  feet.  Fresh  water  was  found  above 
and  below  the  beds  of  salt. 

OTHER  OCCURRENCES  OF  BAI/T. 

During  the  past  few  years  several  wells  have  been  drilled  in  the 
northwestern  part  of  Texas  in  what  is  sometimes  termed  the  Pan- 
Handle.  The  presence  of  much  salt,  gypsum  or  anhydrite,  and  in  a 
few  wells,  small  quantities  of  potash  salts,  has  been  revealed.  The 
names  and  locations  of  some  of  the  wells  drilled  are  as  follows: 

S.  M.  Swenson  &  Sons  well,  Spur,  Dickens  County. 

Glenario  well,  Glenario,  Deaf  Smith  County. 

Adrian  Oil  &  Gas  Co.  well,  near  Adrian,  Oldham  County. 

Adrian  Townsi1»  Co.  well,  near  Adrian,  Oldham  County. 

Boden  well,  Potter  County. 

Miller  Ranch  well,  Randall  County. 

McLean  well,  Gray  County. 

Four  wells  in  or  near  Childress,  Childress  County. 

Post  City  well,  Garza  County. 

Justiceburg  well,  Garza  County. 

Snyder  well,  Sciury  County. 

Scoggin  well,  near  west  boimdary  of  Kent  County. 

Upland  well,  Upton  County. 

Buena  Vista  well,  Pecos  County. 

Deep  well,  northwest  of  Toyah,  Reeves  County. 

In  the  north  and  west  central  parts  of  Texas,  for  example  at 
Graham,  Yoimg  Comity,  salt  has  been  obtained  from  shallow  wells. 
The  wells  at  Gordon,  and  other  places  in  Palo  Pinto  Coimty,  the 
flowing  well  near  Waldrip,  McCulloch  Comity,  and  those  near  San 
Angelo,  Tom  Green  Coimty,  yield  salty  water.  Along  the  south- 
western coast,  lagoons  or  salt  lakes  have  yielded  and  can  still  yield  a 
/large  yearly  production  of  salt. 

OKLAHOMA. 
RELATIVE   IMPORTANCE   OF  SALT   INDUSTRY. 

The  salt  industry  in  Oklahoma  is  of  local  importance  only.  During 
the  past  few  years  salt  in  the  State  has  been  produced  on  a  small 
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scale  near  Ferguson,  Blaine  County,  in  the  western  part  of  the  State, 
and  near  Salton  and  Vinson,  Harmon  County,  in  the  extreme  south- 
western part. 

SALT  PLAINS. 
SITUATION. 

Salt-water  wells  and  springs  occur  in  eastern  and  western  Okla- 
homa. In  the  eastern  part  of  the  State  most  of  the  water  is  only  a 
little  salty;  in  the  western  part  the  water  is  so  salt  in  places  that  the 
terms  ''salt  springs''  or  "salt  plains"  are  in  common  usage. 

The  regions  where  the  springs  are  situated  are  known  as  salt  plains 
generally,  and  according  to  a  recent  report  of  the  Oklahoma  geologi- 
cal survey,  10  of  these  are  well  known,  situated  as  follows:  Two 
along  the  Cimarron  River  between  Woods,  Woodward,  and  Harper 
Counties;  2  in  northwestern  Harmon  County;  1  each  in  Alfalfa, 
Blaine,  and  Beckham  Coimties;  and  3  on  Sandy  Creek,  south  of 
Eldorado,  Jackson  County.  A  geological  progress  map**  of  the  State 
shows  the  surficial  rocks  in  these  regions  as  belonging  in  the  Permian. 
Although  all  the  salt  springs  of  western  Oklahoma  issue  from  and 
probably  originate  in  the  "Red  Beds,''  they  do  not  all  issue  from  the 
same  geologic  horizon. 

OREGON. 

No  salt  has  been  prepared  in  Oregon  in  recent  years,  but  it  is  said 
to  have  been  prepared  from  brine  from  springs  in  Willamette  and 
Umpqua  Valleys,  as  well  as  from  brine  from  other  places.^  Springs 
in  Jackson  Coimty  are  also  reported  to  have  produced  salt.  Beds  of 
rock  salt  have  been  reported  near  the  base  of  Moimt  Jefferson,  in 
Cascade  Range.  Alkali,  Abert,  and  Summer  Lakes  contain  salt  in 
conjunction  with  other  salines  like  soda  and  potash  salts,  and  work 
for  soda  has  been  conducted  in  a  small  way  around  Alkali  Lake. 

IDAHO  AND  WYOMING. 

Salt  has  been  produced  in  Bannock  and  Bear  Lake  Coimties,  Idaho, 
in  recent  years.  Li  recent  years  the  industry  has  been  confined 
to  the  vicinity  of  Stump  Creek  and  Tygee  Valley,  Bannock  County, 
southeastern  Idaho.  The  headquarters  of  most  of  the  operators 
have  been  at  Auburn,  Wyo.  The  salt  industry  in  this  part  of  Idaho 
is  of  slight  importance,  a  considerable  part  of  the  production  being 
cattle  salt.  TTie  salt  has  been  obtained  from  brine  springs,  but  beds 
of  rock  salt  occur  below  the  springs. 

a  Oklahoma  Geol.  Survey  Bull.  5, 1911. 

b  Brown,  J.  R.,  Resources  of  the  Pacific  Slope,  San  Francisco,  1809,  pp.  255-256. 
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NEVADA. 
RELATIVE   IMPORTANCE   OF  NEVADA    SALT  INDUSTRY. 

The  salt  industry  in  Nevada  has  never  been  of  more  than  local 
importance.  Scattered  salt  deposits  have  been  worked  from  time  to 
time  to  supply  local  demand,  but  most  of  the  enterprises  yet  started 
have  been  on  a  small  scale  and  have  been  operated  only  spasmodically. 

During  recent  years  salt  has  come  from  Sand  Springs,  White  Plains, 
Leete,  and  Parran,  Chm^chill  County;  from  the  Silver  Springs  playa, 
Esmeralda  Coimty;  and  from  the  Buffalo  Salt  Works,  Sheepshead, 
Washoe  County.  Most  of  the  salt  is  obtained  by  solar  evaporation, 
and  the  finer  grades  like  table  and  dairy  salt  and  common  fine  salt 
are  prepared  from  the  solar  product  by  different  refining  processes. 
Other  known  deposits  are  at  Dixie  Salt  Marsh,  Churchill  County; 
Bailroad  Valley,  Nye  County;  and  west  of  Diamond  Range,  in  Eureka 
and  Elko  Counties.  Deposits  of  present  or  prospective  importance 
are  situated  along  Virgin  River  in  the  southeastern  part  of  the  State. 
In  fact,  numerous  saline  valleys  are  widely  distributed  in  that  part 
of  Nevada  included  within  the  Great  Basin. 

NBW  MEXIOO. 
RELATIVE   IMPORTANCE   OF  SALT   OUTPUT. 

Though  the  commercial  output  of  salt  in  New  Mexico  is"  and  has 
been  small,  there  is  no  scarcity  of  salt.  The  saline  or  salt-bearing 
lakes  of  this  State  are  to  be  considered  among  its  important  future 
resources,  and  though  little  or  no  salt  is  exported,  a  considerable 
quantity  of  the  crude  product  is  used  for  salting  stock.  The  salt  thus 
used  is  gathered  usually  by  scraping  up  the  deposit  formed  about 
salt  springs  or  as  a  £hin  layer  on  the  surface  of  the  salines  or  playas 
during  the  dry  season.  The  principal  lake  basin  deposits  are  those 
in  Estancia  Valley. 

SITUATION  OP  DEPOSITS. 

A  small  production  of  salt  has  been  reported  in  recent  years  from 
Estancia,  Torrance  County.  The  salt  basin  is  in  the  central  part  of 
the  coimty,  near  the  geographic  center  of  the  State.  Salt  is  also 
f  oimd  in  flats  among  the  gypsum  ridges  in  what  are  known  as  the 
White  Sand  Plains  of  the  Tularosa  Basin,  in  parts  of  Dona  Ana, 
Socorro,  and  Otero  Counties. 

The  Zuni  salt  deposits  of  New  Mexico  are  in  the  northwestern  part 
of  Socorro  County,  about  80  miles  south  of  Gallup,  on  the  main  line 
of  the  Santa  Fe  Railroad  and  about  the  same  distance  west  of  Mag- 
dalena,  on  a  branch  line  of  the  same  system.  The  deposits  have 
supplied  Indians  and  Mexicans  for  centuries,  and  at  present  the  salt 
is  hauled  to  surrounding  ranches.  A  small  colony  of  Mexicans  col- 
ect  the  product  in  a  crude  manner. 
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There  are  many  salt  springs  in  New  Mexico,  but  no  salt  is  obtained 
from  them  except  for  limited  local  use.  One  large  spring  is  on  Rio 
Salada,  30  miles  northwest  of  Albuquerque,  another  is  20  miles  west 
of  Belen,  and  a  third  is  at  the  end  of  Malpais  in  Tularosa  Valley,  48 
miles  northwest  of  Alamogordo.  There  are  scores  of  smaller  springs 
in  the  State. 

The  Red  Beds,  which  imderlie  the  Pecos  Valley  and  Staked  Plains 
in  Eddy,  Chaves,  and  Roosevelt  Coimties,  contain  many  thick  and 
extensive  beds  of  salt,  but  are  far  beneath  the  surface.  Information 
reg^ding  them  is  derived  from  records  of  scattered  borings  for  water 
or  oil.  These  salt  deposits  are  300  to  500  feet  thick,  in  heavy  beds 
separated  by  layers  of  clay  or  sand,  and  in  part  of  the  area  they  lie 
only  a  few  himdred  feet  below  the  surface.  The  2,600-foot  boring 
at  Carlsbad  in  this  area  penetrated  many  thick  salt  beds,  and  they 
have  been  reached  by  borings  east  of  Artesia  and  Roswell,  as  well  as 
by  numerous  deep  holes  in  the  Staked  Plains  r^on  in  western  Texas, 
some  of  them  not  far  east  of  the  New  Mexico  line. 

ABIZONA. 

No  salt  is  produced  at  present  on  a  commercial  scale  in  Arizona. 
Common  salt,  as  well  as  other  chemically  precipitated  salts,  has  been 
deposited  from  the  river  water  in  the  valley  of  Salt  River  with  clastic 
sediments;  and,  though  the  salt  does  not  form  deposits  geologically 
important,  it  is  of  great  importance  from  its  effect  on  the  river  water. 
The  salt  is  thought  to  come  from  large  salt  springs  in  the  upper 
reaches  of  the  river.  The  water  from  these  springs  has  been  described 
as  a  weak  brine. 

The  salt  deposits  in  Virgin  River  Valley  have  been  mentioned 
imder  Nevada.  Blake^  refers  to  rock  salt  disseminated  in  the  beds 
in  the  valley  of  Verde  River,  Yavapai  Coimty,  in  the  south-central 
part  of  the  State. 

UTAH. 
RELATIVE   IMPORTANCE   OP  UTAH  SALT  INDUSTRY. 

The  nonmetallic  mineral  resources  of  Utah,  hke  those  of  other 
western  States,  are  still  so  comparatively  imexplored  that  descrip- 
tions of  almost  any  such  deposits  are  necessarily  incomplete.  This 
holds  true  of  saline  deposits,  particularly  those  of  rock  salt  and  under- 
ground brine,  and  in  addition  to  those  named  below  many  others  will 
doubtless  be  f oimd. 

The  main  salt  industry  in  Utah  is  on  the  east  shore  of  Great  Salt 
Lake,  at  Saltair,  not  far  from  Salt  Lake  City,  and  is  important  and 
flourishing.  Some  salt  is  produced  also  at  Garfield.  All  the  salt 
now  and  heretofore  made  along  the  lake  shore  is  from  solar  evapora- 
tion of  the  water  of  the  lake. 


a  Blake,  W.  P..  Mineralogfcal  notes:  Am.  Joar.  Sd.,  3d  ser.,  vol.  90,  p.  44,  1890. 
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SALT-PRODUCING  LOCALTriBS. 

The  most  important  occurrences  of  salt  in  the  State  are  as  brine 
in  the  waters  of  Great  Salt  Lake;  as  rock  salt  in  Sevier  Valley,  near 
Salina,  Redmond,  and  Gimnison,  both  in  Sevier  and  Sanpete  Coun- 
ties; east  of  Nephi,  Juab  County ,  where  brine  also  is  found;  near 
Clear  Lake  in  the  eastern  part  of  Millard  County;  and  Salt  Lake 
Desert,  Tooele  County.  Salt  is  being  or  has  been  produced  at  all  the 
localities  mentioned.  Two  mines  near  Redmond  are  shown  in 
Plate  I. 

GREAT  SALT  LAKE. 

Production  has  from  time  to  time  been  reported  from  along  the 
shores  of  Great  Salt  Lake,  in  Boxelder,  Weber,  Davis,  and  Salt  Lake 
Counties,  but  with  the  exception  of  the  works  of  the  Inland  Crystal 
Salt  Co.,  at  Saltair,  on  the  shore  of  the  lake  15  miles  west  of  Salt 
Lake  City,  the  operations  are  small  and  are  carried  on  somewhat 
sporadically.  Small  amounts  of  salt  are  reported  to  have  been 
gathered  recently  at  Promontory  Point,  Boxelder  Cotmty ;  at  Withee, 
Weber  Cotmty,  15  miles  west  of  X)gden;  at  Syracuse,  Davis  Coimty; 
and  at  Garfield,  Salt  Lake  Coimty.  The  evaporation  processes 
employed  along  the  lake  shore  to  make  salt  are  generally  similar. 
The  methods  of  the  Inland  Crystal  Salt  Co.  are  typical,  as  the  opera- 
tions at  the  plant  of  that  company  are  by  far  the  most  elaborate. 

Among  other  salt  deposits  in  Utah  that  have  come  to  the  attention 
of  the  writer  are  those  at  Little  Salt  Lake,  Iron  Cotmty,  and  south  of 
Beaver  in  Beaver  County;  and  the  salt  marshes  in  Snake  Valley  in 
the  western  part  of  Millard  Cojinty. 

OAUFOBIOA. 
RELATIVE   IMPORTANCE   OF  SALT  PRODUCTION. 

Cahfomia  ranked  sixth  among  the  States  in  quantity  and  fifth  in 
value  of  the  salt  produced  in  1915.  The  State  has  had  this  same 
relative  rank  during  the  past  three  years. 

GENERAL  OCCURRENCE  OF  SALT. 

Salt  occurs  in  California  in  practically  every  known  form.  In 
solution  it  is  found  in  the  brines  of  salt  springs,  salt  lakes  or  marshes, 
and  saline  streams,  of  which  certain  tributaries  of  Salinas  River,  in 
San  Luis  Obispo  Coimty,  are  examples.  In  Inyo,  San  Bernardino, 
and  other  counties  in  the  Great  Basin  many  springs  and  streams  are 
slightly  brackish  or  salty.  Many  of  the  so-called  alkaline  or  salt 
lakes  contain  water  only  during  certain  seasons  of  the  year.  During 
dry  seasons  they  are  covered  with  a  crust  of  salt,  which  in  many 
places  is  several  inches  thick.  The  Great  Basin  region  contains  many 
marshes,  playas,  or  lakes,  where  salt  may  be  collected  by  simply 
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scraping  the  orust.  In  addition  to  the  rock  salt  resulting  from  the 
evaporation  of  saline  solutions,  salt  undoubtedly  will  be  found  either 
disseminated  or  in  segregated  beds  or  masses  buried  in- Quaternary- 
lake  deposits.  Such  deposits  have  originated  in  intermittent  periods 
of  desiccation.  Rock  salt  occurs  in  a  few  deposits  in  the  earlier  lake 
bedS;  of  which  that  on  the  north  side  of  the  Avawatz  Moimtains  is  a 
splendid  example. 

FBODUCnON  OVk  SALT  FROM   SEA   WATEB. 

More  than  97  per  cent  of  the  salt  made  in  California  is  from  the 
solar  evaporation  of  sea  water  along  the  coast.  Most  of  the  solar 
salt  and  the  finer  grades  produced  from  it  come  from  the  shores  of 
San  Francisco  Bay,  in  Alameda  and  San  Mateo  Coimties.  The  head- 
quarters of  the  saJt  industry  are  at  Alvarado,  Newark,  Mount  Eden, 
Russell,  and  Baumberg,  formerly  Arflfs,  in  Alameda  County,  on  the 
east  shore  of  San  Francisco  Bay,  and  at  Redwood  City  and  San 
Mateo,  in  San  Mateo  Coimty.  In  the  southern  part  of  the  State 
solar  salt  is  made  at  Ostend  Station,  near  Long  Beach,  Los  Angeles 
County,  and  on  the  San  Diego  Bay,  San  Diego  County.  The  general 
methods  of  making  this  salt  and  preparing  it  for  market  are  described 
on  pages  40  to  49. 

One  of  the  main  reasons  for  the  bulk  of  California  salt  coming  from 
along  the  coast  is  that  the  principal  centers  of  population  are  situated 
there.  The  market  is  at  hand  and  the  cost  of  transportation  is  re- 
duced to  a  minimum.  Lack  of  a  market  and  cost  of  transportation 
are  the  main  reasons  why  many  important  deposits  in  the  interior  of 
the  State  have  hitherto  remained  unworked. 

PRODUCING  LOCALITIES. 

Besides  the  salt  obtained  from  sea  water  by  solar  evaporation  along 
the  coast,  salt  has  been  made  in  small  quantity  in  recent  years  at 
inland  points  as  follows:  Tramway  (Keeler  post  c^ce),  Inyo  County; 
Ward,  San  Bernardino  County;  near  Saltus  (Amboy  post  office),  San 
Bernardino  County;  near  Cedarville,  Modoc  Coimty;  at  Caneda,  a 
few  miles  southwest  of  Randsburg,  and  at  Saltdale,  Kern  County. 

DESCBIPTION   OP  OCCURRENCES. 
COLUSA  COUNTY. 

About  25  years  ago  the  manufacture  of  salt  was  begun  at  certain 
brine  springs  near  Sites,  Colusa  Coimty,  and  has  continued  more  or 
less  intermittently  at  that  locality  ever  since,  though  the  latest  reports 
are  that  no  more  salt  is  being  gathered.  A  number  of  other  salt 
springs  are  known  in  different  parts  of  Colusa  County. 
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INTO  COUNTY.^ 

Inyo  Coimty  is  situated  in  the  eastern  part  of  California  and  is* 
whoUy  within  the  boundaries  of  the  Great  Basin.  In  this  county  are 
included  Owens  Lake,  Death  Valley,  the  Saline  Valley  Salt  Marsh, 
and  the  dried  valleys  of  numerous  other  salt  lakes,  among  which  are 
Indian  Wells  Valley,  Salt  Wells  Valley,  and  Fanamint  Valley. 
Though  Searles  Lake  lies  within  San  Bernardino  County  for  the  most 
part,  for  convenience  it  is  here  treated  ^  being  within  Inyo  County. 
Searles  Lake,  in  former  geologic  time,  formed  a  link  in  an  ancient 
drainage  system  in  which  the  members,  beginning  with  the  most 
elevated,  were  Owens  Lake,  Indian  Wells  Valley,  Salt  WeUs  Valley, 
Searles  Lake,  Fanamint  Valley,  and  Death  Valley. 

The  salts  found  in  Owens  Lake,  the  waters  of  which  are  a  dense 
brine,  include  common  salt,  soda,  borax,  and  potash  and  other  salts. 
According  to  calculation,  the  waters  of  the  lake  contain  160,000,000 
short  tons  of  anhydrous  salts,  a  large  part  of  which  is  sodium  chloride. 

The  most  distinctive  feature  of  the  Desert  Basin,  which  included 
formerly  Searles  Lake,  Indian  Wells  Valley,  and  Salt  Wells  Valley, 
is  now  Searles  Lake.  The  immense  sheet  of  solid  white  salts  in  its 
bottom  is  imique  in  this  country  for  the  variety  of  its  saline  minerals. 
The  salt  crust  occupies  a  roughly  circular  area  believed  to  be  11  or 
12  square  miles  in  extent.  The  depth  of  the  salt,  as  shown  by 
drillings,  is  fairly  imiform,  being  reported  to  range  from  60  feet  to 
more  than  100  feet,  alid  to  average  70  to  75  feet  in  the  main  part  of 
the  deposit.  The  salt  deposit  is  in  effect  a  consolidated  mass  crys- 
tallized from  an  evaporating  mother  liquor  in  which  the  salts  are  still 
immersed.  The  lake  is  one  of  the  most  promising  sources  of  domestic 
potash  salts. 

Much  saline  material  is  acciunulated  on  and  beneath  the  floor  of 
Death  Valley.  A  central  area  of  crusted  salt  lies  in  the  lowest  part 
of  the  valley  and  extends  many  miles  north  and  south.  Analyses  of 
the  saline  content  of  the  floor  of  the  valley  indicate  an  approximate 
content  of  95  per  cent  common  salt. 

Salt  deposits  occupy  the  lowest  part  of  Saline  Valley,  which  is 
without  outlet.  Smooth,  white  salt  deposits,  about  1  square  mile  in 
areal  extent,  are  surrounded  by  broken  and  tilted  salt  crust  blocks 
with  sharp,  craggy  surface;  the  salt  from  the  smooth  crust  in  the 
lowest  part  of  the  valley  contains  98.52  per  cent  of  sodium  chloride, 
indicating  that  it  is  of  high  grade  for  a  natural  product. 

Salt  has  been  found  at  other  places  in  Inyo  County,  as  at  Tecopa, 
Confidence  Spring  in  South  Death  Valley,  and  in  the  canyon  of 
Armagosa  River. 

«  These  notes  have  been  abstracted  from  a  oontrfbutioD  by  H.  8.  Oale:  U.  8.  Oaologieal  Sarrey  Bulletin 
000,  previously  mentioned. 
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KERN  COUNTY. 


In  Kern  County,  Cameron  Lake,  Kane  Lake,  and  Castac  Lake  are 
ephemeral  lakes  crusted  with  salt  during  the  dry  season.  Some  salt 
has  been  obtained  from  Kane  Lake  in  recent  years. 

MONO  COUNTY. 

Mono  Lake,  near  the  Nevada  line,  contains  dense  alkaline  water. 
Sodium  chloride  or  common  salt  constitutes  nearly  35  per  cent  of  the 
total  soUds  in  the  lake  water.  Calculations  based  on  the  area  of  the 
lake  and  its  average  depth  indicate  that  it  contains  nearly  90,000,000 
tons  of  common  salt,  and  more  than  10,000,000  tons  of  potassium 
chloride. 

SAN  BERNARDINO  COUNTY. 

SaUus. — Salt  was  produced  as  late  as  1913  near  Saltus  (Amboy 
post  office),  a  station  on  the  Santa  Fe  Railroad  in  the  southeastern 
part  of  San  Bernardino  County.  The  salt  occurs  in  the  bottom  of 
an  old  lake  bed  in  the  form  of  rockHsalt  layers,  under  approximately 
6  feet  of  overburden. 

Armagosa  River. — Armagosa  River,  for  a  short  part  of  its  course, 
flows  through  San  Bernardino  County,  but  the  main  part  of  the  river 
is  in  Inyo  Coimty,  to  the  northward,  and  within  Armagosa  Valley, 
Nye  County,  Nev.  The  term  *' river''  is  somewhat  misleading, 
because  its  waters  appear  and  disappear,  being  absorbed  by  the 
porous  beds  over  and  through  which  they  flow.  Though  the  river 
water  is  potable  near  its  source,  increasingly  large  quantities  of  various 
salines  render  it  bitter,  as  the  name  Armagosa  C'bitter"  in  Spanish) 
signifies.  Li  the  lower  courses  of  the  river  in  San  Bernardino  County, 
where  the  water  comes  to  the  surface,  these  salines  are  deposited  as 
white  crusts  and  deposits  of  salt  and  borate  minerals  are  formed. 
These  crusts  have  been  removed  and  marketed.  Some  of  them  by 
natural  re-solution  and  reciystallization  have  been  rendered  nearly 
pure. 

AvavxjUz  Mov/rdama. — ^Rock  salt  outcrops  on  the  north  side  of  the 
Avawatz  Mountains,  in  San  Bernardino  County,  in  a  zone  between 
4  and  5  miles  long,  and  probably  imderlies  a  large  area.  The  salt  is 
a  member  of  a  saline  series  that  in  upward  order  consists  essentially  of 
celestite,  gypsum,  and  salt,  the  entire  saline  series  being  underlain 
and  overlain  with  lake  beds. 

Where  the  salt  has  been  worked  its  purity  has  increased  with 
depth.  It  is  massively  crystalline,  and  is  generally  brownish  near 
the  surface  from  the  presence  of  reddish-brown  clay  that  owes  its 
color  to  iron  oxide.  Some  chemical  analyses  show  the  salt  to  be  more 
than  98  per  cent  pure. 
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Danhy. — Salt  has  been  mined  30  miles  southeast  of  Danby,  a 
station  on  the  Santa  Fe  Railroad,  in  the  southeastern  part  of  San 
Bernardino  County,  in  a  dry  lake  known  as  Danby  Lake.  Here  the 
salt  lies  in  two  beds,  each  from  a  few  inches  to  several  feet  thick, 
separated  by  a  thick  layer  of  clay  and  protected  by  a  layer  of  sand 
and  dust.  The  salt  bed  has  been  opened  over  an  area  of  many 
acres,  which  forms  only  a  small  part  of  the  deposits. 

Mohave  River  wnd  Sink. — ^The  Mohave  River  rises  in  the  San  Ber- 
nardino Mountains,  flows  north  and  northeast  through  Barstow  and 
Daggett,  and  more  nearly  east  to  Soda  Lake,  the  sink  of  Mohave 
River,  otherwise  known  as  Mohave  Sink.  The  river  is  about  100 
miles  long,  and  the  Santa  Fe  and  the  San  Pedro,  Los  Angeles  &  Salt 
Lake  Railroads  follow  it  for  miles.  Except  during  flood  season  there 
is  little  surface  flow.  The  river  waters  are  saline,  and  there  are 
saline  efflorescences  all  along  their  course.  The  water  carries  prin- 
cipally salt,  sodium  carbonate,  and  sodium  sulphate,  with  small 
quantities  of  potash  salts,  borates,  bicarbonates,  silica,  etc.  It  is 
reported  that  some  salt  has  been  made  by  diverting  water  from  the 
surrounding  hills  to  that  part  of  the  lake  where  desired.  The  salt  is 
absorbed  and  the  brine  conveyed  to  vats  and  there  evaporated. 
Only  coarse  salt  has  been  marketed  from  the  region. 

Other  localities. — Other  localities  in  San  Bernardino  County  where 
salt  exists  are  (1)  Bitter  Springs  at  the  southeastern  end  of  Bitter 
Lake  in  T.  13  N.,  R.  6  E.,  San  Bernardino  meridian;  (2)  Daggett; 
(3)  Owl  Springs,  which  are  located  in  the  northwestern  part  of  the 
county,  between  the  west  end  of  Avawatz  Moimtains  and  the  east 
flank  of  Owl  Mountains;  (4)  Salt  Springs,  on  the  south  fork  of 
Armagosa  River,  at  the  southeast  end  of  Death  Valley;  (5)  in  the 
vicinity  of  Saratoga  Springs,  14  miles  to  the  northwest  of  Salt  Springs ; 
(6)  Valley  Springs,  about  8  miles  northwest  of  Saratoga  ^rings,  the 
water  being  so  salty  as  to  be  imdrinkable;  (7)  Willards  Lake.  This 
lake  is  in  the  northwestern  part  of  the  coimty  in  Ts.  30  and  31  S., 
R.  42  E.,  Mount  Diablo  meridian.  The  beds  of  the  lake,  like  those 
of  most  lakes  in  this  region,  are  impregnated  with  salt,  and  the  shore 
is  marked  with  white  crusts. 

8AN   LUI8   OBISPO   COUNTY. 

Soda  or  Salt  Lake,  in  Carriso  Plain,  contains  important  deposits 
of  sodiimi  sulphate,  with  which  small  quantities  of  ordinary  salt  are 
associated.  Carisso  Plain  is  near  the  northeastern  boimdary  of  San 
Bernardino  County,  and  the  lake  is  in  T.  31  S.,  Rs.  19  and  20  E.  The 
saline  deposits  are  estimated  to  covw  an  area  of  approximately 
3,000  acres.  The  exploitation  of  the  deposits  for  sodiiun  sulphate 
was  discontinued  a  few  years  ago. 
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OTHER  L0CALITIB8.0 

Other  localities  in  the  State  where  salt  has  been  reported  to  be 
found  in  small  quantities  are  as  follows : 

Calaveras  County. — ^There  are  salt  springs  on  the  Mokelunme  River, 
6  miles  south  of  Silver  Lake. 

Contra  Costa  County. — ^Alhambra  Mineral  Springs. 

Humboldt  County. — Eureka  Springs. 

LaTce  County. — ^Allen  Spring,  Borax  Lake,  Lake  Hachinhama,  Hot 
Borate  Spring,  Clear  Lake,  Howard  Spring,  and  Siegler  Spring. 

Los  Angeles  County. — ^According  to  Bailey''  there  are  large  salt 
springs  14  miles  from  the  city  of  Los  Angeles,  the  exact  location  not 
being  given. 

Modoc  Couniy. — ^Near  Cedarville. 

Napa  County. — ^Aetna  Springs,  Calistoga  Springs,  White  Sulphur 
Springs. 

Placer  County. — Salt  Springs  are  reported  near  the  Clipper  Cap 
Iron  Mine. 

San  Benito  County. — ^Anderson's  Springs. 

Santa  Clara  County. — ^Pacific  Congress  Springs,  Alum  Spring, 
Azule  Spring,  Blodgett  Spring,  near  Gilroy,  New  Alamaden  Spring. 

Shasta  County. — Salt  was  made  at  one  time  on  Salt  or  Stinking 
Creek,  12  miles  east  of  Bidding. 

Sislciyou  County. — Strong  brine  is  reported  to  flow  from  a  well, 
675  feet  deep,  near  Yreka. 

Solano  County. — ^Tolenas  Springs. 

Sonoma  County. — Santa  Rosa  Spring,  Skagg's  Springs,  White 
Sulphur  Spring. 

Tehama  County. — Tuscan  Springs,  Little  Salt  Creek. 

a  Doubtless  this  list  wUl  now  be  foand  Incomplete,  and  the  author  will  welcome  communications  that 
will  add  to  its  accuracy. 
h  BaUey,  0.  £.»  Tbo  saline  deposits  of  California:  Cal.  State  Min.  Bureau  Bull.  24,  May,  1903,  p.  136. 
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SAIT-MAKIirG  PBOCESSES. 

CLASSIFICATION. 

The  processes  of  salt  mftldng  in  the  United  States  are  of  two  lands: 
(1)  The  mining  of  rock  salt  and  its  purification  and  separation  into 
marketable  sizes,  and  (2)  the  production  of  salt  by  evaporation  from 
brines,  bitterns,  and  other  solutions  containing  it.  The  processes 
employed  in  the  manufacture  of  salt  by  evaporation  may  be  classified 
as  follows: 

1.  Solar  evaporation.  ' 

2.  Direct-heat  evaporation: 

(a)  In  open  kettles. 
(6)  In  open  pans. 

3.  Steam  evaporation: 

(a)  In  jacketed  kettles. 
(6)  Ingrainers. 

4.  Vacuum-pan  evaporation. 

SOLAB  EVAPOBATIOK. 
WHERE  FBOCESS  IS  USED. 

In  the  eastern  States  solar  evaporation  is  not  general  because  of 
the  climate,  and  is  confined,  so  far  as  the  writer  knows,  to  New  York 
State.  In  the  western  States,  and  particidarly  in  California  and  Utah, 
the  process  is  extensively  used. 

SOLAB  EVAPORATION  AT  SYRACUSE,  N.  T.<» 
COMMEBCIAL  STATUS  OF  INDUSTBT. 

The  manufacture  of  salt  by  solar  evaporation  began  in  New  York 
in  the  vicinity  of  Syracuse,  Onondaga  Coimty,  in  1789,  and  the 
process  is  Umited  to  Syracuse  and  vicinity,  where  it  has  survived 
from  early  days.  Though  only  a  small  part  of  the  evaporated 
salt  manufactured  in  New  York  is  now  made  by  the  solar  process, 
before  1880,  when  the  beds  of  rock  salt  in  the  western  part  of  the 
State  began  to  be  utiUzed,  Onondaga  County  supplied  the  entire 
output  of  the  State  in  rock  (coarse)  salt.  The  greater  part  of  the 
total  now  returned  for  the  coimty  represents  the  salt  in  brine  con- 
sumed in  the  manufacture  of  soda.  The  solar  salt  produced  is 
mainly  coarse  salt,  and  is  used  for  practically  the  same  piu^oses  as 

a  In  the  preparation  of  this  section  the  author  has  made  free  use  of  the  works  of  F.  E.  Englehardt,  The 
manufacture  of  salt  in  the  State  of  New  York:  New  York  State  Uus.  Bull.  11. 1893,  pp.  8S-44,and  T.  M. 
Chatard,  Salt-making  processes  in  the  United  ^StateB:  U.  8.  GeoL  Survey  Seventh  Ann.  Bept.,  1888^  pp. 
497-627. 
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rock  salt.  It  is  marketed  throng  the  Onondaga  Coarse  Salt 
Assodation. 

The  wells  are  on  lands  onoe  included  in  the  Onondaga  Indian 
Keservation,  and  nntil  recently  the  State  supplied  the  brine  to 
individual  plants,  exacting  a  small  tax  on  the  product  to  cover  costs 
of  pumping  and  supervision.  However,  in  1908,  the  lands  and  wells 
were  sold  to  the  Onondaga  Pipe  line  Co.  and  the  Mutual  Pipe  Line 
Co.  of  Syracuse.  This  transfer  definitely  terminated  the  long  con- 
nection of  the  State  with  salt  making. 

Solar  salt  is  made  from  a  natural  brine — ^the  only  instance  of  its 
use  in  New  York.  The  process,  of  coxu'se,  is  carried  on  only  during 
the  spring,  summer,  and  fall  months,  usually  from  the  middle  of 
March  to  the  middle  of  November,  depending  on  the  weather. 

The  increased  value  of  the  enormous  acreage  covered  by  the  plant 
and  the  higher  charges  for  labor,  lumber,  taxes,  and  insurance  have 
appreciably  decreased  the  returns  from  solar  evaporation  in  the 
State. 

ORIGINAL  METHOD. 

Formerly  solar  salt  was  made  in  shallow  wooden  vats  or  ''covers," 
provided  with  light  movable  roofs  running  on  rollers.  (See  PL  II.) 
During  the  evaporating  season  the  roofs  were  moved  to  one  side,  but 
were  replaced  during  rainy  weather  and  at  the  end  of  the  salt-makiQg 
season.  The  natural  brine  containing  17  to  20  per  cent  sodiiun 
chloride  (68®  to  80°  salometer)  flowed  successively  to  three  sets  of  vats 
or  ''rooms"  known,  respectively,  as  deep  rooms,  lime  rooms,  and  salt 
.rooms,  about  two-thirds  of  the  space  iq  a  salt  yard  being  given  to  salt 
rooms.  The  rooms  were  generally  18  feet  wide  and  their  length,  or 
the  length  of  a  "string"  (series)  of  them,  depended  on  the  length  of 
the  salt  yard,  which  was  often  as  much  as  400  or  500*  feet.  The  lime 
and  salt  rooms  were  6  inches  and  the  deep  rooms  12  to  14  inches  deep. 
The  movable  covers  of  the  rooms  were  built  in  16-foot  sections,  thus 
covering  an  area  of  288  square  feet.  In  the  larger  and  longer  yards 
the  floor  of  each  salt  room  was  6  or  8  inches  higher  than  that  of  the 
next  below.  The  advantages  of  this  arrangement  were  that  the 
fresher  pickle  could  be  regularly  separated  by  gravity  from  the  older, 
and  that  after  the  pickle  iq  the  lowest  room  had  been  removed  during 
harvesting,  fresher  pickle  could  be  drawn  into  the  room  to  remove 
adhering  chloride  of  magnesium  and  crystals  of  gypsum  from  part  of 
the  salt. 

When  the  brine  was  first  pumped  into  the  deep  rooms,  which 
served  mainly  for  storage,  it  was  usually  clear,  but  with  the  escape 
of  gases  (mostly  carbon  dioxide)  ferrous  carbonate  separated,  which 
on  oxidation  to  the  hydrated  ferric  oxide  settled  out  as  a  yellow 
mud,  leaving  the  brine  again  clear.  The  brine  then  flowed  into  the 
lime  rooms,  where  evaporation  continued  until  the  brine  became 
saturated  and  salt  crystals  began  to  separate.     During  this  process, 
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particularly  near  the  time  of  complete  saturation,  gypsum  began  to 
separate.  The  term  ''lime  room/'  which  is  somewhat  misleading;  as 
no  Ume  was  used  in  the  process,  was  probably  applied  because  of 
gypsum  separating  in  the  room.  The  brine,  then  known  as  ''pickle," 
flowed  to  the  salt  rooms,  where  the  salt  and  the  remainder  of  the  gyp- 
sum separated,  sufficient  pickle  being  added  from  the  lime  room  from 
time  to  time  to  keep  the  salt  crystals  well  covered.  The  salt  crystals 
were  finally  gathered  from  the  floor  of  the  salt  room  after  the  mother 
hquor  had  been  drawn  off. 

IMPROVED  METHOD. 

Great  improvements  have  been  made  in  the  original  method  of 
solar  evaporation,  one  of  the  greatest  being  the  use  of  "aprons"  in 
place  of  the  deep  rooms  and  the  lime  rooms,  whereby  the  evaporating 
surface  and  the  yield  of  salt  per  cover  (288  square  feet)  have  been 
greatly  increased.  The  aprons  are  shallow  wooden  troughs  3  inches 
deep,  16  to  20  feet  wide,  and  of  various  lengths.  (See  PI.  II.)  They 
are  generally  erected  over  the  deep  rooms  and  serve  as  roofs  as  well 
as  storerooms  for  the  satiu*ated  brines  of  the  deep  rooms.  They  are 
built  on  piles  or  posts  and  are  sloped  1  inch  in  100  feet,  so  that  the 
liquid  in  them  flows  toward  two  sets  of  holes  provided  with  wooden 
plugs.  One  set  of  holes  communicates  with  the  deep  rooms  and  the 
other  with  the  waste  drain.  The  brine  run  into  the  aprons  often 
becomes  saturated  in  one  good  drying  day.  It  is  then  discharged 
into  the  deep  room  below  and  its  place  is  taken  by  fresh  brine.  When 
rain  is  expected  the  plugs  over  the  deep  rooms  are  removed  and  the 
brine,  flowing  from  the  aprons,  is  thus  saved  from  dilution.  These 
plugs  are  then  replaced  and  the  other  set  is  removed,  the  rain  being 
thus  allowed  to  flow  to  waste.  The  partly  concentrated  brine  is 
returned  to  the  aprons  by  pimips  when  clear  weather  returns.  The 
process  is  carried  on  usually  from  the  middle  of  March  to  the  middle 
of  November,  the  exact  period  depending  on  the  weather. 

The  brine  is  thus  concentrated  and  purified  while  it  is  being  trans- 
ported to  the  "covers."  The  great  length  and  width  of  the  aprons, 
the  shallowness  of  the  brine,  and  its  complete  exposure  to  the  sun, 
air,  and  wind  greatly  facihtate  purification  and  evaporation;  also  they 
permit  the  use  of  the  entire  number  of  "covers"  for  salt  making, 
instead  of  one-third  of  the  total  cover  area  being  occupied  by  lime 
rooms  and  deep  rooms.  This  improvement  greatly  increased  the 
production  of  solar  salt  per  cover  and,  as  considerable  capital  is  in- 
vested in  covers,  the  economy  of  the  process  is  obvious. 

BEOOVERY  OF   SEA   SALT   IN   CAUFOBNIA. 
PKODUCnON  CENTERS. 

More  than  97  per  cent  of  the  output  of  salt  in  California  originates 
from  the  solar  evaporation  of  sea  water  along  the  coast.     The  largest 
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plants  aie  akmg  the  east  and  west  shores  of  San  Francisco  Bay,  in 
Alameda  and  San  Mateo  Counties,  respectively.  In  Alameda  County 
the  centers  of  production  are  near  Alvarado,  Moimt  Eden,  Russell, 
Baumbei^  (formerly  Arffs),  and  Newark;  in  San  Mateo  County  solar 
salt  is  produced  a  short  distance  south  of  San  Mateo,  near  Redwood 
City.  Other  solar  plants  are  at  Ostend  Station,  near  Long  Beach,  Los 
Angeles  County,  and  on  San  Diego  Bay,  San  Diego  County.  At  all 
these  places  the  operations  are  conducted  in  somewhat  similar  manner, 
although  differing  considerably  in  details.  Also  the  nomenclature  of 
the  processes  varies  somewhat.  The  following  general  description 
of  the  processes  is  based  on  obssrvations  at  representative  plants  in 
different  locahties. 

SALT-MAKINO  SEASON. 

The  concentration  of  the  water  in  San  Francisco  Bay  varies  with 
the  season  of  the  year  and  other  factors.  The  water  of  the  bay  is 
diluted  somewhat  by  fresh  water  from  San  Joaquin  and  Sacramento 
Rivers,  the  dilution  being  increased  after  winters  of  heavy  snow, 
which  does  not  completely  melt  until  summer  is  well  advanced. 
Brine  is  taken  into  the  salt  ponds  aroimd  San  Francisco  Bay  from 
the  middle  of  May  to  the  middle  of  October,  but  the  strongest  brines 
are  obtained  after  the  1st  of  July,  as  the  dry  season  lengthens  and  the 
inflow  of  fresh  water  from  the  rivers  appreciably  declines.  Generally 
the  salt-making  season  is  over  by  September  15,  as  the  dry  season 
lasts  usually  from  May  to  September.  However,  a  season  as  long  as 
210  days  without  rain  has  been  known  along  San  Francisco  Bay. 

The  mean  average  date  when  crystallization  of  salt  began  around 
San  Francisco  Bay  was  May  1  in  1908,  May  13  in  1909,  May  3  in  1910, 
May  25  in  1911,  and  April  18  in  1912.  The  early  date  in  1912  was 
because  of  few  late  rains  that  year.  Records  are  closed,  that  is, 
evaporation  readings  are  stopped,  November  1,  after  which  the  days 
are  so  short,  the  water  is  so  cold,  and  the  weather  so  uncertain  that 
there  is  practically  no  evaporation. 

During  the  summer  season  of  1911,  which  may  be  taken  for  pur- 
poses of  illustration,  the  evaporation  and  rainfall  observed  at  one 
plant  were  as  follows : 

Rainfall  and  evaporation,  in  inches,  season  of  1911,  San  Francisco  Bay,  Cal, 

Month.  Rainfall.    ^JJJg^ 

Inchti.       Inches. 
April 1.36        3.38 

May 1.14  5.31 

June 67  6. 62 

July 00  7.81 

August 00  7.81 

September 00  4.94 

October 77  2.94 
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The  water  from  the  bay  or  ocean  is  not  taken  into  the  works  con- 
tinuously but  during  two  to  six  days  a  month,  when  the  tides  are 
highest,  usually  at  the  period  of  new  moon.  During  high  tide  water 
is  run  into  the  ponds  one  and  one-half  to  three  hours.  At  some 
plants  where  a  slough^  runs  through  the  intake  pond  salt  water  may 
be  taken  in  at  any  time  or  every  day.  Thus  at  Long  Beach  the  sea 
water  runs  into  a  ditch  at  every  high  tide;  that  is,  twice  a  day.  Salt 
water  may  therefore  be  pumped  continuously  from  this  ditch  into 
the  plant. 

The  salt-making  season  is  naturally  longer  in  southern  California 
than  near  San  Francisco.  At  San  Diego  it  lasts  about  seven  months, 
from  May  to  November,  and  salt  water  also  may  be  taken  in  con- 
tinuously by  draining  the  tide  ponds,  into  which  sea  water  enters 
during  every  tide  above  a  given  height. 


STRENQTH   OF  BRINB. 


The  average  density  of  sea  water  is  1.027,  corresponding  to  a 
salinity  of  3.72  per  cent  regarded  as  pure  salt.  Three  samples  of 
bay  water  collected  as  they  ran  into  plants  on  the  shores  of  San 
Francisco  Bay  and  on  San  Diego  Bay  gave  results  as  follows: 

Density  OTui  salinity  of  sea  water  used  in  salt  making,  California. 


Source. 


Sao  Francisco  Bay  at  Mount  Eden. 
San  Francisco  Bay  at  Alvarado — 
SanDiogoBay 

Sea  water 


Date  of 

oollao- 

tion. 


1012. 
Oct.     5 
8 
17 


Density. 


•J. 

3.53 
.8.12 

4.10 


Speciflo 
gravity.* 


1.025 
1.Q22 
1.020 
1.027 


Percent- 
age of 
8alt.6 


3.44 
8.34 
4.00 
8.72 


a  Specific  gravities  were  taken  at  22"  C,  but  are  referred  to  water  at  15"  C. 
b  Assumed  to  be  pore  NaCl,  which  is  not  exactly  correct. 

The  normal  salt  water  entering  the  salt  plants  along  San  Francisco 
Bay  is  less  strongly  concentrated  than  ordinary  sea  water,  whereas 
the  bay  water  near  San  Diego  is  more  strongly  saturated.  The  dif- 
ference in  density  between  waters  from  San  Francisco  Bay  and  those 
from  San  Diego  Bay  is  caused  partly  by  the  fact  that  farther  south 
the  warm  dry  season  lasts  much  longer  and  consequently  evapora- 
tion is  more  intense,  and  partly  by  the  fact  that  streams  of  fresh 
ivater  flow  into  San  Francisco  Bay. 

SALT  PONDS. 

Salt  is  made  in  ponds  which  are  designated  according  to  the  opera- 
tions taking  place  in  them;  thus  there  are  the  storage,  intake,  receiv- 
ing, or  tide  ponds  into  which  the  salt  water  is  received  from  the  bay, 
the  concentrating  ponds,  and  the  crystallizing  ponds  (Pis.  Ill,  IV, 


aThe  term  slough  is  applied  to  an  artificial  canal,  dltdi,  channeli  or  inlet. 
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and  V).  All  ponds  between  the  tide  ponds  and  the  crj^tallizing 
ponds  are  called  secondary  ponds  by  some  operators;  technically 
they  may  be  termed  pickling  ponds.  The  term  linie  ponds  is  some- 
times applied  to  those  in  which  the  bulk  of  the  gypsum  crystallizes. 
The  sea  water  enters  the  works,  generally  through  a  slough,  into 
the  intake,  receiving,  storage,  or  tide  pond,  which  is  provided  with 
large  flood  gates  that  automatically  open  when  the  water  can  nm  in 
and  close  as  the  tide  ebbs.  In  the  intake  pond  the  salt  water 
remains  and  evaporates  a  variable  length  of  time  before  the  next 
salt  water  is  taken  in,  and  goes  through  the  different  ponds,  grad- 
ually getting  more  concentrated,  until  it  finally  reaches  the  crystal- 
lizing ponds.  It  is  run  into  these  to  a  depth  of  about  6  inches  when 
it  has  reached  a  strength  of  about  25^  B.,  or  when  crystals  of  salt 
have  begun  to  form.  At  some  plants  when  the  pickle  in  the  salt 
ponds  has  reached  a  strength  of  29^  B.,  the  bittern  with  some  salt 
stiU  in  it  is  run  into  other  ponds,  where  it  evaporates  until  a  concen- 
tration of  32° B.  is  reached.  As  it  is  generally  beUeved  that  aU  the  salt 
is  then  out  of  the  mother  hquor,  it  is  allowed  to  go  to  waste,  but  in 
view  of  its  composition  as  given  on  pp.  47  and  48,  recovery  of  mag- 
nesia and  potash  salts  ought  seemingly  to  be  profitable  if  undertaken 
on  a  comprehensive  scale.  At  some  plants  part  of  the  mother  liquor 
is  utilized,  as  wiU  be  seen  by  referring  to  p.  46,  and  indications  are 
that  the  future  will  see  a  general  utilization  of  what  for  years  has  been 
a  waste  product. 

Specific  gravity  of  bitterns  from  crystallizing  ponds  of  Caltfomia. 


Locality. 


Oliver  Dlant,  Mount  Eden 

Leslie  Salt  Co.,  San  Mateo 

Califoniia  Salt  Co.,  Alvarado 

Long  Beach  Salt  Co.,  Long  Beach. 

Western  Salt  Co.,  San  Diego  Bay. . 


Spedflo 
gravity.* 


1.288 
L2S6 
L231 
1.339 
1.245 
1.234 


a  Specific  gravities  were  determined  at  22**  C.  by  R.  K.  Bailey  with  a  Westphal  balance,  but  they  are 
referred  to  water  at  15*  C. 

Pond  area  is  one  of  the  dominant  features  of  the  industry.  The 
total  acreage  of  ponds  at  a  few  plants  is  as  small  as  500  acres,  but  at 
others  it  is  reported  to  be  more  than  2,000  acres.  The  ratio  of  the 
area  of  crystallizing  ponds  to  that  of  the  whole  system  at  two  large 
plants  is  1  to  10.  The  older  works  have  more  ground  available  for 
crystallizing  beds  because  the  ground  becomes  more  thoroughly 
salted  and  consequently  harder  and  less  pervious  with  continued  use. 

The  ponds  have  mud  floors  and  are  separated  from  one  another  by 
low  embankments  or  dikes  that  diflfer  greatly  in  width  and  height. 
The  dikes  may  be  as  much  as  3  feet  above  the  level  of  the  marsh  and 
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1  or  2  feet  above  the  level  of  the  brine.  Some  are  very  narrow,  but 
others,  especially  some  of  the  outside  dikes,  are  so  wide  and  well 
built  that  they  serve  as  roadways.  Low  narrow  dikes  are  not  con- 
sidered good  by  all  the  salt  makers,  as  they  require  frequent  repair  to 
meet  the  constant  wash  of  the  waves.  However,  if  the  levees  are 
too  high  they  may  hinder  the  evaporating  action  of  the  wind,  but 
there  is  not  much  wind  at  San  Diego.  The  dikes  between  the  ponds 
were  formerly  flanked  with  sod,  but  this  practice  is  being  abandoned. 

METHODS  OF  PUMPING. 

The  brine  'around  San  Francisco  Bay  is  raised  partly  by  Archime- 
dean screws  propelled  by  windmills  (PI.  VI)  and  partly  by  paddle 
wheels,  some  plants  having  as  many  as  40  windmills.  Some  plants 
use  gasoline  engines  as  atudUary  power,  especially  in  the  fall  after  the 
trade  winds  die  down  and  in  August  when  the  trade  winds  slacken 
or  blow  intermittently.    Mectric  power  is  also  coming  into  use. 

The  windmills  face  northwest,  from  which  direction  the  trade  winds 
come.  The  ptunps  are  generally  placed  so  as  to  pump  from  the  in- 
take pond  into  a  pond  high  enough  to  allow  the  brine  to  move 
by  gravity  (PL  IV,  A),  the  flow  from  one  pond  to  the  next  being  con- 
trolled by  small  gates.  Windmills  or  other  means  may,  however, 
be  used  for  lifting  in  parts  of  the  system  where  utilization  of  gravity 
is  inexpedient  (PL  VI). 

HARVESTING. 

The  crop  of  salt  is  usually  sold  before  July  of  the  following  season. 
Enough  salt  is  thereafter  gathered  from  time  to  time  to  supply  the 
current  demand  until  September,  when  harvesting  (Pis.  VTI  and 
Vin)  is  pushed  as  vigorously  as  possible.  At  many  plants  the  first 
salt  is  lifted  about  the  first  of  June  and  the  operation  is  continued  imtil 
about  the  first  of  January  or  February  of  the  following  year  if  the 
crop  is  big  and  labor  is  rather  scarce;  ordinarily,  however,  harvesting  is 
finished  by  December. 

Usually  the  salt  deposit  is  first  harvested  to  within  2  inches  of  the 
mud  floor;  then  the  remaining  lower  grade  is  harvested  separately 
and  is  sold  for  making  ice  cream  and  for  stock.  The  salt  is  dioveled 
into  tram  cars  holding  about  a  ton.  The  salt  thus  lifted  has  a  pink- 
ish hue,  and  the  mother  liquors  are  Ukewise  pinkish.  A  small  loco- 
motive propelled  by  gasoline  or  electricity  then  hauls  6  or  8  cars  to 
the  miU  or  to  the  salt  piles  or  stacks.  Small  stacks  are  made  at  some 
plants,  and  at  others  one  huge  stack  is  made  near  the  mill  (PL  IX,  A), 
The  latter  method  is  doubtless  more  economical,  for  it  reduces  both 
the  surface  exposed  to  solution  by  rain  and  also  that  which  has  to  be 
broken  in  subsequent  utilization  of  the  salt.  The  latter  consideration 
is  important,  for  the  surface  hardens  so  firmly  that  it  can  be  broken 
only  with  the  greatest  difficulty;  indeed,  the  cost  of  breaking  a  par- 
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ticularly  old  crust  on  a  small  stack  is  sometimes  more  than  the  salt  is 
worth  and  some  old  small  stacks  have  been  discarded  for  that  reason. 
The  salt  in  some  stock  piles  hardens  so  firmly  that  cross-cut  saws  are 
used  to  cut  it  into  4-foot  lengths,  which  are  pried  apart  and  crushed 
in  the  subsequent  milling. 

At  some  inills  the  salt  is  dumped  through  a  hopper  to  a  screw  con- 
veyor, which  carries  it  to  a  bucket  elevator  that  lifts  it  to  the  main 
stack.  Not  every  plant  can  use  this  method,  for  the  groimd  has  to  be 
very  firm  to  accommodate  the  enormous  tonnage  of  one  main  stack — 
a  condition  not  common  in  regions  of  marshy  land.  Sinking  of  the 
groimd  may  cause  loss  of  an  appreciable  part  of  the  product.  At  one 
mill  the  filling  sank  1  foot  a  year  for  20  years. 

At  one  plant  the  salt  is  shoveled  by  laborers,  a  line  of  whom  extend 
the  width  of  a  pond,  onto  an  endless  belt  20  inches  wide,  running  on 
rollers  and  operated  by  a  gasoline  engine,  which  conveys  the  salt  to  one 
side  of  the  pond.  As  the  salt  leaves  the  belt  it  is  washed  with  a  spray 
of  salt  water  from  the  bay  (PI.  IX,  B),  Then  it  is  dragged  up  a  per- 
forated copper  screen  by  an  endless  drag  chain  provided  with  forks 
to  break  up  the  larger  lumps.  During  the  ascent  the  salt  is  again 
washed  with  bay  water.  The  salt  is  then  raised  to  the  stacks  by  a 
pan  elevator  so  run  that  the  open  mouths  of  the  pan  are  reversed  to 
enable  the  excess  of  wash  water  to  drain.  The  main  belt,  which  con- 
veys the  salt  from  the  pond,  is  kept  perfectly  clean  by  a  washing  device. 
The  salt  from  the  outside  stock  piles  is  brought  to  the  mill  as  needed 
in  5-ton  cars.  This  method  has  many  advantages.  As  soon  as  a 
given  area  of  salt  has  been  removed  from  the  crystallizing  ponds  the 
entire  layout  is  moved  forward  on  tracks,  and  the  salt  pile  may  thus 
be  extended  the  length  of  the  pond.  The  washing  of  the  salt  is  also 
performed  when  the  adhering  bittern  is  most  readily  and  completely 
removed. 

At  Long  Beach  the  salt  is  shoveled  from  the  stock  pile  into  small 
cars,  which  are  carried  by  a  rope  tram  to  a  crusher  in  which  the  salt 
is  groimd.  A  bucket  conveyor  takes  the  salt  to  a  bin  in  an  ordinary 
freight  car,  which  is  hauled  by  a  motor  to  the  mill  when  the  bin 
is  full. 

At  San  Diego  the  salt  in  the  crystallizing  pond  has  to  be  broken 
with  a  pickax  before  it  can  be  shoveled,  the  greater  firmness  of  the 
crystals  as  compared  with  those  of  the  salt  along  San  Francisco 
Bay  possibly  being  due  to  quicker  cryst^tllization.  It  is  customary 
to  begin  harvesting  as  soon  as  the  bittern  is  drained  from  the  crys- 
tallizing ponds,  as  the  salt  is  easier  to  pick,  shovel,  and  wash  at  this 
stage  than  at  any  other. 

The  yield  during  a  season  varies  from  year  to  year,  being  governed 
by  the  weather  and  other  factors.  A  thickness  of  5  or  6  inches  of 
salt  a  season  would  be  a  fair  approximation  for  the  region  around 
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San  Francisco  Bay,  but  in  the  southern  part  of  the  State,  owing  to 
the  longer  and  chyer  season,  it  would  be  much  larger.  At  San 
Diego,  for  example,  an  average  harvest  is  6  inches  of  salt,  and  two 
such  harvests  can  be  gathered  each  season. 

MILLINO. 

Because  of  the  nature  of  the  processes  employed  in  the  manufacture 
of  solar  salt,  and  more  particularly  because  of  the  differences  between 
them  and  those  employed  in  other  parts  of  the  United  States,  the 
first  stages  of  the  miUing  operations  in  California  differ  from  corre- 
sponding operations  elsewhere.  When  the  salt  is  lifted  from  the 
crystallizing  ponds  it  is  contaminated  with  considerable  adhering 
pickle  or  bittern  and  dirt  of  various  kinds.  If  it  is  not  to  be  used  at 
once  it  may  xmdergo  a  preliminary  washing,  after  which  it  is  con- 
veyed to  the  stacks.  If  it  is  to  be  used  immediately  it  is  carried  to 
the  mill  and  there  washed  to  free  it  from  adhering  impurities. 

Washing  is  accomplished  in  various  ways.  The  salt  may  be 
dumped  into  a  hopper  and  a  current  of  hot  brine  from  the  pickling 
pond  poiu^d  over  it.  The  brine  is  bay  water  concentrated  to  com- 
plete saturation,  and  therefore  for  a  concentrated  solution  it  contains 
the  least  amount  of  mother-hquor  salts  and  consequently  dissolves 
a  minimum  amount  of  salt  during  the  washing.  An  elevator  lifts 
the  salt  from  the  hopper,  the  salt  draining  in  the  meanwhile.  Then 
the  salt  passes  between  rolls  which  crush  it  into  **half-groxmd  si^lt" 
or  *  Hhree-quarters  groimd  salt."  Next  it  goes  to  vats  filled  with 
artificial  brine  that  is  made  from  salt  and  fresh  water  and  conse- 
quently contains  no  mother-liquor  salts.  On  removal  from  these 
vats  the  salt  is  stacked  in  heaps  to  drain.  The  coarse  salt  is  then 
sacked  for  one  branch  of  the  trade.  If  it  is  to  be  subjected  to  further 
refining  the  salt  goes  from  the  vats  to  a  centrifugal  machine,  by 
which  adhering  water  is  removed.  It  is  then  conveyed  to  driers, 
which  are  long  revolving  cylinders  containing  steam  coils  and  pro- 
vided with  fans  that  pump  warm  air  through.  From  the  driers 
the  salt  goes  again  to  the  rolls  to  be  crushed  and  finally  to  the  sifters 
to  be  graded  according  to  fineness.  It  is  then  ready  to  be  sacked  for 
the  trade. 

Operations  at  different  plants  differ  grer.tly  in  details.  At  some 
plants  the  salt  in  the  stock  piles  is  redissolved  and  the  finer  grades 
are  made  by  the  vacuum-pan  process;  then  the  manipulation  of  the 
salt  at  the  inill  may  be  quite  different  from  that  just  outlined. 

UTILIZATION  OP  BITTERN. 

The  bittern  from  the  crystallizing  ponds  has  never  been  saved  at 
some  of  the  plants,  and  at  most  of  them  it  is  even  now  entirely  wasted. 
Since  the  value  of  potash  salts  has  been  realized,  some  operators  have 
had  in  mind  recovery  of  the  potash  in  the  bitterns,  but  few  have 
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ticularly  old  crust  on  a,  small  stack  is  sometimes  more  than  the  salt  is 
worth  and  some  old  small  stacks  have  been  discarded  for  that  reason. 
The  salt  in  some  stock  piles  hardens  so  firmly  that  cross-cut  saws  are 
used  to  cut  it  into  4-foot  lengths,  which  are  pried  apart  and  crushed 
in  the  subsequent  milling. 

At  some  mills  the  salt  is  dumped  through  a  hopper  to  a  screw  con- 
veyor, which  carries  it  to  a  bucket  elevator  that  lifts  it  to  the  main 
stack.  Not  every  plant  can  use  this  method,  for  the  ground  has  to  be 
very  firm  to  accommodate  the  enormous  tonnage  of  one  main  stack — 
a  condition  not  common  in  regions  of  marshy  land.  Sinking  of  the 
ground  may  cause  loss  of  an  appreciable  part  of  the  product.  At  one 
mill  the  filling  sank  1  foot  a  year  for  20  years. 

At  one  plant  the  salt  is  shoveled  by  laborers,  a  line  of  whom  extend 
the  width  of  a  pond,  onto  an  endless  belt  20  inches  wide,  running  on 
rollers  and  operated  by  a  gasoline  engine,  which  conveys  the  salt  to  one 
side  of  the  pond.  As  the  salt  leaves  the  belt  it  is  washed  with  a  spray 
of  salt  water  from  the  bay  (PI.  IX,  B),  Then  it  is  dragged  up  a  per- 
forated copper  screen  by  an  endless  drag  chain  provided  with  forks 
to  break  up  the  larger  limips.  During  the  ascent  the  salt  is  again 
washed  with  bay  water.  The  salt  is  then  raised  to  the  stacks  by  a 
pan  elevator  so  run  that  the  open  mouths  of  the  pan  are  reversed  to 
enable  the  excess  of  wash  water  to  drain.  The  main  belt,  which  con- 
veys the  salt  from  the  pond,  is  kept  perfectly  clean  by  a  washing  device. 
The  salt  from  the  outside  stock  pUes  is  brought  to  the  mill  as  needed 
in  6-ton  cars.  This  method  has  many  advantages.  As  soon  as  a 
given  area  of  salt  has  been  removed  from  the  crystallizing  ponds  the 
entire  layout  is  moved  forward  on  tracks,  and  the  salt  pile  may  thus 
be  extended  the  length  of  the  pond.  The  washing  of  the  salt  is  also 
performed  when  the  adhering  bittern  is  most  readily  and  completely 
removed. 

At  Long  Beach  the  salt  is  shoveled  from  the  stock  pile  into  small 
cars,  which  are  carried  by  a  rope  tram  to  a  crusher  in  which  the  salt 
is  groimd.  A  bucket  conveyor  takes  the  salt  to  a  bin  in  an  ordinary 
freight  car,  which  is  hauled  by  a  motor  to  the  miU  when  the  bin 
is  full. 

At  San  Diego  the  salt  in  the  crystallizing  pond  has  to  be  broken 
with  a  pickax  before  it  can  be  shoveled,  the  greater  firmness  of  the 
crystals  as  compared  with  those  of  the  salt  along  San  Francisco 
Bay  possibly  being  due  to  quicker  crystallization.  It  is  customary 
to  begin  harvesting  as  soon  as  the  bittern  is  drained  from  the  crys- 
tallizing ponds,  as  the  salt  is  easier  to  pick,  shovel,  and  wash  at  this 
stage  than  at  any  other. 

The  yield  during  a  season  varies  from  year  to  year,  being  governed 
by  the  weather  and  other  factors.  A  thickness  of  5  or  6  inches  of 
salt  a  season  would  be  a  fair  approximation  for  the  region  around 
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San  Francisco  Bay,  but  in  the  southern  part  of  the  State,  owing  to 
the  longer  and  chyer  season,  it  would  be  much  larger.  At  San 
Diego,  for  example,  an  average  harvest  is  6  inches  of  salt,  and  two 
such  harvests  can  be  gathered  each  season. 

MILLING. 

Because  of  the  natm^  of  the  processes  employed  in  the  manufacture 
of  solar  salt,  and  more  particularly  because  of  the  differences  between 
them  and  those  employed  in  other  parts  of  the  United  States,  the 
first  stages  of  the  milling  operations  in  California  differ  from  corre- 
sponding operations  elsewhere.  When  the  salt  is  lifted  from  the 
crystallizing  ponds  it  is  contaminated  with  considerable  adhering 
pickle  or  bittern  and  dirt  of  various  kinds.  If  it  is  not  to  be  used  at 
once  it  may  xmdergo  a  preliminary  washmg,  after  which  it  is  con- 
veyed to  the  stacks.  If  it  is  to  be  used  inmiediately  it  is  carried  to 
the  mill  and  there  washed  to  free  it  from  adhering  impurities. 

Washing  is  accomplished  in  various  ways.  The  salt  may  be 
dumped  into  a  hopper  and  a  current  of  hot  brine  from  the  pickling 
pond  poured  over  it.  The  brine  is  bay  water  concentrated  to  com- 
plete saturation,  and  therefore  for  a  concentrated  solution  it  contains 
the  least  amount  of  mother-hquor  salts  and  consequently  dissolves 
a  minimum  amoimt  of  salt  during  the  washing.  An  elevator  lifts 
the  salt  from  the  hopper,  the  salt  draining  in  the  meanwhile.  Then 
the  salt  passes  between  rolls  which  crush  it  into  **  half -ground  salf 
or  *  Hhree-quarters  groimd  salt.''  Next  it  goes  to  vats  filled  with 
artificial  brine  that  is  made  from  salt  and  fresh  water  and  conse- 
quently contains  no  mother-hquor  salts.  On  removal  from  these 
vats  the  salt  is  stacked  in  heaps  to  drain.  The  coarse  salt  is  then 
sacked  for  one  branch  of  the  trade.  If  it  is  to  be  subjected  to  further 
refining  the  salt  goes  from  the  vats  to  a  centrifugal  machine,  by 
which  adhering  water  is  removed.  It  is  then  conveyed  to  driers, 
which  are  long  revolving  cyhnders  containing  steam  coils  and  pro- 
vided with  fans  that  pump  warm  air  through.  From  the  driers 
the  salt  goes  again  to  the  rolls  to  be  crushed  and  finally  to  the  sifters 
to  be  graded  according  to  fineness.  It  is  then  ready  to  be  sacked  for 
the  trade. 

Operations  at  different  plants  differ  grer.tly  in  details.  At  some 
plants  the  salt  in  the  stock  piles  is  redissolved  and  the  finer  grades 
are  made  by  the  vacuimi-pan  process;  then  the  manipulation  of  the 
salt  at  the  mill  may  be  quite  different  from  that  just  outlined. 

UTILIZATION  OF  BrTTERN. 

The  bittern  from  the  crystallizing  ponds  has  never  been  saved  at 
some  of  the  plants,  and  at  most  of  them  it  is  even  now  entirely  wasted. 
Since  the  value  of  potash  salts  has  been  realized,  some  operators  have 
had  in  mind  recovery  of  the  potash  in  the  bitterns,  but  few  have 
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evolved  definite  methods  for  obtaming  this  by-product.  It  is 
reported  that  the  Leslie  Salt  Refining  Co.,  in  conjunction  with  the 
Wliitney  Chemical  Co.,  has  begun  to  manufacture  epsom  salts,  mag- 
nesium chloride,  and  potash  salts  from  residual  bitterns." 

Edward  B.  Durham,*  of  Berkeley,  Cal.,  and  doubtless  many  others, 
have  also  experimented  with  the  residual  bitterns  from  the  manu- 
facture of  salt  along  San  Francisco  Bay  and  southern  California, 
Diu^ham  has  separated  the  magnesium  from  these  bitterns  in  the  form 
of  magnesium  carbonate,  making  use  of  sal  soda.  By  this  process 
the  potash  salts  are  left  in  the  filtrate  from  the  magnesium  carbonate. 

As  the  price  of  magnesium  chloride  has  been  high  on  the  Pacific 
coast  during  the  war,  separation  of  this  chloride  as  well  as  the  sul- 
phate from  these  bitterns  has  also  been  considered.  The  artificial 
camaHite  produced  in  the  process  would  also  be  utilized. 

At  one  plant  a  small  part  of  the  bittern  is  refined  for  medicinal 
use;  at  another  it  has  been  used  in  the  manufacture  of  *'wood  stone'' 
and  magnesium  oxychloride  cement.  The  latter  substance  is  an 
excellent  nonconductor  of  electricity  and  has  been  utilized  in  the 
manufacture  of  switchboards.  It  is  understood  that  bittern  has  been 
used  by  the  Santa  Fe  Railroad  to  lay  the  dust  along  its  roadbed,  but 
this  use  is  not  economical  because  the  bittern  has  to  be  applied 
frequently. 

In  the  table  following  are  given  analyses  of  the  bittern  obtained 
in  connection  with  the  manufacture  of  salt  on  the  California  coast. 

Analyses  of  bittemsfrom  sea  water. 

[Samples  collected  by  E.  E.  Free  in  1912;  R.  F.  Q&rdiner,  analyst.] 
RADICALS  IN  ORAMS  PER  LITER. 


Constittifint. 

Sample  No. 

1 

2 

3 

4 

6 

6 

7 

c8 

K 

8.2 
80.0 

L2 

24.0 

179.2 

30.0 

3.0 

13.4 
75.8 

2.2 

23.4 

176.6 

31.4 

3.0 

13.2 

38.8 

.6 

50.6 

179.4 

53.6 

3.0 

14.6 

27.7 

.5 

62.7 

183.3 

74.2 

3.0 

21.6 
9.1 
1.0 

79.4 
220.1 

62.0 
2.0 

35.0 

93.6 

.2 

8.6 

180.4 

29.0 

2.0 

1L8 

60.1 

LI 

43.9 

190.8 

•       65.8 

2.8 

0  7 

Na 

61  0 

Ca 

TrftnA 

Me 

24  8 

ci.....::::::::::;:  : 

148.6 
34.1 

8O4 

Br 

325.6 

325.8 

339.2 

366.0 

395.1 

348.8 

366.3 

260.1 

CONVENTIONAL  COMBINATIONS  IN  GRAMS  PER  LITER. 


KCL 
NaCl 
It 

HgS04 


15.6 

203.0 

65.0 

4.0 
33.9 

3.4 


324.9 


25.6 

192.7 

63.8 

7.4 
32.8 

3.4 


325.6 


25.2 

98.6 

144.6 

2.3 
66.0 

3.4 


339.0 


27.8 

70.4 

17L1 

L7 
91.6 

3.4 


365.9 


4L0 

23.1 

250.6 

3.3 
76.3 

2.3 


396.6 


66.7 

240.0 

4.2 

.6 

85.8 

2.3 


349.6 


22.6 

162.7 

117.6 

3.7 

66.7 

8.2 


ddO.0 


L3 

160.4 

63.6 

Trace. 

42.7 


267.9 


a  American  Fertilizer,  New  potash  factory:  YoL  4&,  Sept.  30, 1916,  p.  48. 
^  Personal  communication. 
«  Orams  per  kilogram. 
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Analyaes  of  bittemafrom  sea  vxUer — Continued. 

RADICALS  IN  PERCENTAGE  OP  ANHYDROUS  RESIDUE. 


ConstitiMiit. 

Sample  No. 

1 

2 

8 

4 

5 

6 

7 

as 

K 

2.51 

34.57 

.37 

7.38 

55.03 

0.22 

.02 

4.11 

23.27 

.68 

7.18 

54.20 

0.64 

.02 

8.80 
11.45 

.18 
14.02 
52.88 
15.80 

.88 

8.00 

7.57 

.14 

17.18 

60.07 

20.28 

.82 

5.44 

2.30 

.26 

20.00 

56.71 

16.60 

.51 

10.08 

26.88 

.06 

2.47 

51.72 

8.32 

.67 

8.22 
16.41 

.80 
11.08 
52.10 
15.28 

.76 

0  25 

Na 

22.68 

Ca 

00 

Me 

0.21 

a:..,.  ......  . 

55  19 

864.1.!-.* '....'.'.'. 

12.67 

Br 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

loaoo 

CONVENTIONAL  COMBINATIONS  IN  PBBCBNTAOB  OF  ANHYDROUS  RESIDUE. 


KCl... 
Naa.. 
MgClt. 
Ca804. 
MgS04 
MgBn. 


4.80 

7.88 

7.48 

7.60 

10.87 

10.07 

6.14 

62.48 

50.19 

20.00 

10.34 

5.84 

68.66 

4L60 

20.00 

19.60 

42.62 

46.77 

68.35 

L20 

82.00 

1.23 

2.27 

.68 

.46 

.83 

.17 

1.01 

10.44 

10.07 

10.18 

25.00 

10.03 

10.24 

18.20 

1.05 

1.04 

1.00 

.03 

.58 

.66 

.87 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

0.48 

50.88 

23.70 

.00 

15.04 


100.00 


o  Grams  per  kilogram. 
Source  op  Samples. 

1.  Leslie  Salt  Refining  Works,  San  Mateo,  Cal.  Representative  sample  taken  near 
northwest  comer  of  mother-liquor  pond. 

2.  Leslie  Salt  Refining  Works,  San  Mateo,  Cal.  From  southeast  comer  of  mother- 
liquor  pond. 

3.  Leslie  Salt  Refining  Works,  San  Mateo,  Gal.  From  salt-making  pond,  in  which 
salt  had  been  forming  during  the  summer. 

4.  Oliver  Salt  Works,  Mount  Eden,  Cal.  From  slop  pond,  representing  5  years* 
accumulation. 

5.  Oliver  Salt  Works,  Mount  Eden,  Cal.  Mother  liquor  that  had  been  subjected 
to  special  treatment. 

6.  California  Salt  Co.,  Alvarado,  Cal.  From  slop  pond,  representing  3  years' 
accumulation,  though  considerable  quantities  had  been  abstracted  and  small  quanti- 
ties of  other  waste  liquors  had  been  added. 

7.  Pioneer  Salt  Co.,  San  Francisco,  Cal.    One  year's  accumulation. 

8.  Long  Beach  Salt  Co.,  Long  Beach,  Cal.  Abnormally  concentrated  bittern  from 
an  outlying  tank«  1912,  R.  K.  Bailey,  analyst. 

NOTES  ON  SAMPLES. 

The  analyses  of  the  bitterns  resultmg  from  the  extraction  of  salt 
from  sea  water  on  the  California  coast  are  remarkable  for  the  mdi- 
cated  proportion  of  magnesium  salts,  both  the  chloride  and  the 
sulphate,  and  also  for  the  rather  large  proportion  of  potassium. 
Calcium  is  present  m  very  small  proportions,  probably  in  the  form 
of  sulphate. .  Bromine  is  present  in  relatively  small  proportions. 
The  relatively  large  content  of  potassium  makes  it  probable  that  these 
bitterns  might  be  evaporated  and  utilized  in  the  manufacture  of 
low-grade  fertilizer  material,  such  as  manure  salts,  hartsalz,  and 
kainite. 
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SALT  PEODUCTION   AT  GBEAT  SALT   LAKE,   UTAH. 


PBODUCnON  CENTERS. 


Salt  has  been  made  by  solar  evaporation  for  many  years  along  the 
shores  of  Great  Salt  Lake,  the  industry  dating  in  fact  from  the  early 
settlement  of  the  region.  A  small  amomit  of  salt  is  reported  as  hav- 
ing been  made  recently  at  Promontory  Point,  Box  Elder  Comity; 
"Withee,  Weber  Coimty;  Syracuse,  Davis  Coimty;  and  at  Garfield, 
Salt  Lake  Comity.  ITie  most  elaborate  operations  ever  attempted 
along  the  lake  s]iore  are  conducted  at  the  plant  of  the  Inland  Crystal 
Salt  Co.,  near  Saltair,  15  miles  west  of  Salt  Lake  City.  The  process 
of  obtaining  salt  near  Saltair  is  described  below. 


CHARACTER  OF  BRINE. 


The  chief  dififerences  in  the  results  ^f  various  chemists  who  have 
analyzed  the  water  of  Great  Salt  Lake  are  in  the  degree,  but  not  in 
the  character  of  the  salinity.  It  is  to  be  expected  that  the  concen- 
tration would  change  with  changes  in  dilution  from  local  sources. 
The  water  of  Great  Salt  Lake,  which  is  the  brine  utiUzed,  is  similar  in 
composition  to  sea  water,  though  its  concentration  is  four  to  seven 
times  that  of  sea  water,  and  consequently  it  furnishes  a  much  stronger 
brine  for  salt  making.  (See  analyses  below.)  A  sample  from  the 
lake  north  of  Lucin  Cut-Off,  near  TVlthee  Junction,  Utah,  collected 
by  the  writer  in  1912,  had  a  salinity  of  13.35  per  cent,  according  to  a 
test  by  R.  K.  Bailey. 

The  following  analyses  tabulated  by  Clarke  **  show  the  composition 
of  the  water.     Other  analyses  are  given  by  Gilbert.^ 

Analyses  of  water  from  Great  Salt  Lake. 


Constituent. 

Sample  No. 

1 

2 

3 

4 

5 

65.60 

Trace. 

6.52 

6 

7 

8 

9 

a 

55.99 

Trace. 

6.67 

56.21 

55.57 

56.54 

55.25 

Trace. 

6.73 

65.11 

53.72 

65.48 

Br 

BOi 

6.80 
.07 

6.86 

5.97 

6.66 

5.95 

6.68 
.09 

CO, 

LI 

Trace. 

33.15 

1.60 

.17 

a.  52 

.01 

32.92 

1.70 

1.05 

2.10 

.01 

Trace. 

34.65 

2.64 

.16 

.57 

Na 

33.45 

(T) 
.20 
3.18 

33.17 

1.50 

.21 

2.60 

33.39 

1.08 

.42 

2.60 

32.97 

3.13 

.17 

1.96 

32.81 

4.99 

.31 

2.22 

33.17 

1.66 

.16 

2.76 

K 

Ca 

Mg 

FesOi,  AljOi,  SiOi 

Salinity,  per  eent 

100.00 
14.994 

100.00 
13.790 

100.00 
16.671 

100.00 
19.658 

100.00 
«23.036 

100.00 
27.72 

100.00 
22.09 

100.00 
17.68 

100.00 
20.349 

a  Clarke,  F.  W.,  The  data  of  geochemistry:  U.  8.  Geol.  Survey  Bull.  491, 1911,  p.  144,  and  BuU.  616, 1916, 
p.  156. 
ft  Gilbert,  O.  K.,  Lake  Bonneville:  U.  8.  Geol.  Survey  Hon.  1, 1890,  pp.  253-254. 
«  More  correctly,  230.355«rama  per  liter. 
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Data  Rboabdiko  Samples. 

1.  Analyzed  by  O.  D.  Allen,  Kept.  U.  S.  Ged.  Expl.  40th  Par.,  vol.  2, 1877,  p.  433. 
Water  collected  in  1869.  A  trace  of  boric  acid  is  also  reported  in  addition  to  the  sub- 
stances named  in  the  table.  All^i  also  gives  analyses  of  a  saline  sell  from  a  mud 
flat  near  Great  Salt  Lake.  It  contained  16.40  per  cent  of  soluble  matter  much  like 
that  of  the  lake  water. 

2.  Analyzed  by  Charles  Smart.  Cited  in  Resources  and  Attractions  of  the  Tertiary 
of  Utah,  Omaha,  1879.    Analyses  made  in  1877. 

3.  Analyzed  by  E.  von  Cochenhausen,  for  C.  Ochsenius.  Zeitschr.  Deutsch.  geol. 
Gesell.,  vol.  34,  1882,  p.  359.  Sample  collected  by  Ochsenius,  April  16,  1879.  Och- 
senius also  gives  an  analjmls  of  the  salt  manufactured  from  the  water  of  Great  Salt  Lake. 

4.  Analyzed  by  J.  E.  Tahnage,  Science,  vol.  14,  1889,  p.  455.  Collected  in  1889. 
An  analysis  of  a  sample  taken  in  1885  is  also  given. 

5.  Analyzed  by  E.  Waller,  School  of  Mines  Quart.,  vol.  14,  1892,  p.  57.  A  trace  of 
boric  acid  is  also  reported. 

6.  Analyzed  by  W.  Blum.  Collected  in  1904.  Recalculated  to  100  per  cent.  Re- 
ported by  Tahnage  in  Scottish  Geog.  Mag.,  vol.  20,  1904,  p.  424.  An  earlier  paper 
by  Tahnage  on  the  lake  is  in  the  safbe  journal,  vol.  17,  1901,  p.  617. 

7.  Analyzed  by  W.  C.  Ebaugh  and  K.  Williams,  Chem.  Ztg.,  vol.  32,  1908,  p.  409. 
Collected  in  October,  1907. 

8.  Analyzed  by  W.  Madarlane,  Science,  vol.  32, 1910,  p.  568.  Collected  in  Febra- 
ary,  1910.  A  number  of  other  analyses,  complete  or  incomplete,  are  cited  in  this 
paper  by  Ebaugh  and  Macforlane. 

9.  Analyzed  by  R.  K.  Bailey,  in  the  laboratory  of  the  U.  S.  Geological  Survey. 
Sample  collected  by  H.  S.  Gale,  October  24,  1913. 

Sodium  is  higher  but  calciiim  and  magnesium,  especially  the  for- 
mer, are  distinctly  lower  in  the  lake  water  than  in  sea  water.  Car- 
bonates are  almost  entirely  absent  from  the  lake  water  but  are  present 
in  ocean  water.  Calcium  carbonate  is  precipitated  on  the  shore  of 
the  lake  in  the  form  of  ooUtic  sand.  Gilbert "  states  that  the  quan- 
tity of  sodium  chloride  in  the  water  of  the  lake  is  about  400,000,000 
tons  and  that  the  amoimt  of  sodium  sulphate  is  about  30,000,000  tons. 

As  the  lake  is  shallow  its  volume  is  greatly  affected  by  small 
changes  in  its  level.  As  the  total  salinity  (salt  content)  may  be  con- 
sidered fairly  constant,  the  strength  of  the  brines  is  affected  only  by 
the  changes  in  level.  Observations  were  made  in  1850,  when  the 
lake  was  at  its  lowest  observed  state;  in  1873,  when  the  lake  was  at 
its  highest  stage;  in  1869,  when  it  was  at  an  intermediate  stage;  and 
in  1885  and  1889.  From  a  comparison  of  the  extreme  results  it 
appears  that  the  salinity  was  decreased  39  per  cent  by  a  rise  of  10.5 
feet,  which  represents  on  the  assumed  basis  of  no  change  in  total 
saline  content  an  increase  of  73  per  cent  in  the  volume  of  water  in 
the  lake.  The  saline  matter  presumably  has  been  derived  chiefly 
from  the  fresh-water  rivers  flowing  into  it  and  from  the  brackish 
springs  along  its  edges.  Whether  these  springs  derive  their  saline 
matter  from  extraneous  sources  or  from  beds  originally  deposited  in 
the  Bonneville  basin  is  unknown.     If  the  latter  is  true  the  springs 

o Gilbert,  Q.  K.,  Lake  BoimeviUe:  U.  S.  OeoL  Sorvey  Man.  1. 1890,  p.  253. 
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conld  hardly  be  regarded  as  contributing  an  original  quota  of  saline 
material.  Gilbert  ^  says  that  it  must  be  regarded  as  an  open  question 
whether  the  existing  lake  and  its  characteristic  brine  dates  from  the 
end  of  the  Bonneville  overflow  (Pleistocene)  or  from  a  subsequent 
epoch  of  extreme  aridity. 

SAI/r  MAKINO  AT  SAI/TAIB. 

The  brine  is  pumped  from  the  lake  into  a  flume,  in  which  it  is 
carried  about  3  miles  to  the  ponds  for  concentration  and  crystalliza- 
tion. The  ponds  are  designated  from  the  processes  taking  place  in 
them  as  settling  ponds,  stock  or  evaporating  ponds,  and  crystallizing 
or  harvesting  ponds.  They  are  separated  from  one  another  by  clay 
embankments  2  feet  wide  and  22  inches  high,  held  in  place  by  boards 
set  on  edge.  Pumping  begins  in  April  and  continues  until  the  first 
of  September  except  during  storms.  Evaporation  goes  on  approx- 
imately at  the  rate  of  pumping,  which  is  about  5,000  gallons  a  minute, 
for  16  hours  a  day  from  the  middle  of  Jime  to  the  middle  of  Septem- 
ber, the  season  of  greatest  dryness  and  hence  of  maximimi  evapora- 
tion.   Pumping  is  regulated  to  maintain  a  constant  level  in  the  ponds. 

The  brine  from  the  lake  goes  first  to  the  settling  ponds,  in  which 
it  is  allowed  to  remain  five  or  six  days  to  remove  all  suspended  matter. 
The  settling  ponds  cover  about  75  acres.  From  the  settling  ponds 
the  brine  goes  to  the  stock  ponds,  which  cover  an  area  of  about  1 
square  mile,  and  it  remains  in  them  imtil  concentration  reaches  com- 
plete saturation  and  salt  is  ready  to  deposit,  the  length  of  time  de- 
pending on  the  weather.  The  brine  then  goes  to  the  harvesting 
ponds.  During  the  summer  of  1912,  when  the  writer  visited  the 
region,  30  days  elapsed  between  the  b^inning  of  pumping  operations 
and  the  time  the  brine  reached  the  harvesting  ponds.  The  brine  is 
conducted  from  one  pond  to  another  by  gravity,  the  flow  being  con- 
trolled by  small  gates. 

In  the  harvesting  or  crystallizing  ponds,  as  the  name  su^ests, 
evaporation  is  permitted  till  all  salt  separates.  To  insure  a  clean 
product  an  under  layer  or  salt  floor  is  allowed  to  crystallize  each  year 
imless  it  is  left  over  from  the  operations  of  the  preceding  year,  as  in 
1912.  When  it  is  left  over,  as  happens  when  the  crop  is  greater  than 
the  market  demands,  the  salt  in  it  becomes  more  or  less  dirty  and  is 
sold  for  feeding  to  stock.  The  salt  that  is  marketed  comes  from 
the  upper  layer,  the  plane  of  demarcation  between  it  and  the  floor 
being  known  as  the  *^spht." 

The  bittern  formed  in  the  harvesting  ponds  is  drawn  oflF  twice, 
once  at  the  middle  of  the  season  and  once  at  its  end.  In  this  way 
the  salt  is  freed  from  the  bulk  of  magnesium  salts  and  sodium  sulphate. 
Care  must  be  exercised  to  draw  oflF  the  bittern  before  cold  weather 


a  Gilbert,  O.  K.,  Work  quoted,  p.  268. 
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'in  order  to  avoid  crystallization  of  sodium  sulphate,  which  is  said  to 
take  place  when  the  water  reaches  a  temperature  of  20°  F.**  Tal- 
mage^  beUeves  the  critical  temperature  of  the  separation  to  be  within 
a  few  degrees  of  the  freezing  point  of  fresh  water,  or  approximately 
36°  F. 

Some  careful  experiments  recently  carried  out  in  the  chemical 
laboratory  of  the  United  States  Geological  Siu'vey  by  R.  C.  Wells 
have  shown  that  Great  Salt  Lake  water  having  a  specific  gravity  of 
1.145,  becomes  satiu*ated  with  respect  to  mirabiUte,  NaaSO4.10H2O,  at 
l°C.,or34°F. 

When  the  bittern  has  been  drawn  off  the  last  time  and  the  salt  is 
ready  to  be  lifted,  ordinary  plows  drawn  by  horses  (PI.  X,  A)  loosen 
it.  Then  it  is  stacked  by  means  of  scrapers,  wheelbarrows,  or  hand 
cars  run  on  tracks  in  large  piles  beside  the  railroad  (PL  X,  B),  The 
salt  is  conveyed  in  cars  from  the  stacks  to  the  company's  mill  where 
it  is  further  refined.  Part  of  the  yield  is  sold  without  further  treat- 
ment. 

The  average  crop  is  about  3  inches  of  salt,  though  other  writers 
who  have  described  the  industry  give  figures  as  high  as  6  inches.® 
The  minimum  crop  is  about  2  and  the  maximum  about  4  inches, 
though  a  crop  of  nearly  5  inches  has  been  obtained. 

PBIirCIPAL  METHODS  OF  EVAPOBATIITO  SALT. 

At  present  the  most  important  methods  of  manufacturing  evafH 
orated  salt  comprise  direct  heat  and  steam  evaporation.  The  vacuiun- 
pan  method  is  included  among  those  in  which  steam  evaporation  is 
employed,  although  it  is  sometimes  classified  separately.  Of  the 
various  methods  of  evaporation  that  have  been  employed  in  the  past 
and  are  now  being  used,  three  may  be  considered,  namely,  evapora- 
tion in  open  pans,  in  grainers,  and  in  different  forms  of  vacuum  pans. 
On  the  following  pages  these  three  methods  are  described  in  general 
terms  with  illustrations  of  the  different  steps  in  the  processes  from 
different  locaUties.  Detailed  descriptions  are  given  of  the  processes 
actually  used  in  different  States.  In  this  way  the  reader  may  obtain 
an  idea  of  the  process  without  having  to  go  into  the  details ;  and  any- 
one who  is  interested  in  the  details  practiced  in  any  particular  State 
can  confine  his  attention  to  the  description  given  under  that  State. 

DIBECT^HEAT  EVAPORATION. 

EVAPOBATION  IN  OPEN  KETTLES. 

HISTORY. 

The  open-kettle  process  is  the  original  method  employed  at 
Syracuse,  N.  Y.,  and  so  far  as  known  it  has  been  used  in  recent  years 

«  Gilbert,  O.  K«  Lake  Bonneville:  U.  8.  Oed.  Survey  Mon.  1. 1880,  p.  253. 
ft  Talmage,  J.  E.,  The  Great  Salt  Lake — present  and  past:  The  Desert  News.  1900,  p.  80. 
c  Talmage,  J.  £.,  place  quoted;  Barbour,  P.  B.,  Ttae  Utah  solar  salt  industry:  Eng.  and  Mln.  Jour., 
vol.  92, 1911,  pp.  74-75. 


A.  PLOWING  SALT  IN  HARVESTING  PONDS,  PREPARATORV  TO  HARVESTING  THE  SALT. 
OROINARy  FARM  PLOWS  ARE  USED.  INLAND  CRVSTAL  SALT  CO.,  SALTAIR,  NEAR  SALT 
LAKE  CITY,  UTAH. 


C.     ROYAL  SALT  PLANT  AND  REFUSE  SALT  PILE,  KANDPDLIS,  ELLSWORTH  COUNTY,  KANS. 
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only  on  the  Onondaga  Salt  Reservation.  A  gradual  evolution  has 
taken  place  from  small  beginnings  dating  back  to  the  earliest  history 
of  the  salt-making  industry  at  Syracuse,  when  the  first  salt  was  made 
simply  by  boiling  with  an  open  fixe.  Next  a  kettle  set  in  an  arch  of 
mason  work,  was  used,  then  followed  kettles  in  pairs,  and  later  four 
kettles  combined  in  a  *^ block,"  a  term  still  used  in  the  largest  salt- 
making  plants  in  New  York  and  Michigan.  The  number  of  kettles 
in  a  block  gradually  increased  until  30,  40,  60,  and  even  100  were 
placed  in  a  line  or  in  two  parallel  hues  and  suspended  in  two  parallel 
flues  or  arches  terminating  in  a  chimney.  As  enlarging  a  block 
necessitated  more  fire,  the  kettles  nearest  the  fire  were  too  intensely 
heated  and  arches  had  to  be  built  imder  the  first  12  or  15  kettles  to 
protect  them,  a  procedure  not  conducive  to  economy  of  fuel.  Next, 
artificial  draft  was  furnished  by  a  pressure  blower.  Owing  to  inherent 
difficulties  in  the  process,  it  has  been  estimated  that  with  a  given 
quantity  of  good  fuel  not  more  than  two-thirds  as  much  water  is 
evaporated  in  a  kettle  block  as  can  be  evaporated  in  a  properly 
constructed  boiler.  For  this  and  other  reasons  the  kettle  system 
could  not  compete  with  other  methods  and  has  gradually  been 
abandoned.  Originally  there  were  more  than  300  salt  blocks  in  the 
vicinity  of  Syracuse,  but  none  is  now  in  active  use. 

CONSTRUCTION  OF  APPARATUS. 

The  kettles  employed  in  the  process  were  approximately  2  feet  in 
depth  and  4  feet  in  diameter.  Those  nearest  the  fire  had  a  capacity 
of  150  gallons  and  those  farthest  away  a  capacity  of  100  gallons. 
The  kettles  were  thickest  at  their  bottoms,  tapering  from  If  inches  to 
three-fourths  inch  in  thickness  at  the  rim.  The  lugs  or  pins  on  which 
the  kettles  were  suspended  were  5  inches  long  and  1^  inches  in  diame- 
ter and  were  placed  opposite  each  other  4  or  5  inches  below  the  rim. 

The  arches  or  flues  in  which  the  row  or  rows  of  kettles  were  set 
were  inclosed  in  two  side  walls,  between  which  when  two  parallel  rows 
of  kettles  were  used  was  a  central  wall  built  of  stone  and  lined  with 
ordinary  brick,  except  from  the  front  to  the  fifteenth  kettle  where  fire 
brick  was  used.  Beyond  the  grate  the  fire-brick  arches  were  built 
with  air  spaces  betweeyi  them,  which  increased  in  size  with  distance 
from  the  grates,  thus  allowing  the  heated  gases  to  pass  through  the 
spaces  without  directly  striking  the  bottoms  of  the  kettles.  The 
flues  decreased  in  depth  toward  the  chimney,  becoming  only  6  or  8 
inches  deep  imder  the  last  kettle.  The  kettles  were  so  himg  with 
their  rims  against  one  another,  masonry  preventing  escape  of  heat 
between  the  walls  and  the  kettle  rims,  that  the  surface  exposed  to  the 
heated  gases  passing  through  the  arches  was  as  large  as  possible. 
The  slanting  of  the  sides  and  central  walls  and  the  decreasing  depth 
of  flue  toward  the  chimney  facilitated  this. 

98088**— 17— Bull.  146 5 
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A  wooden  conduit  lengthwise  of  the  block  and  a  few  inches  above 
the  central  wall  had  plugs  that  permitted  ready  flow  of  brine  to  the 
different  kettles  by  gravity  from  outside  cisterns. 

METHODS   OF   OPEKATION. 

The  brine  employed  in  the  manufacture  of  ''boiled"  or  "common 
fine"  salt,  as  it  was  usually  called,  was  of  the  same  strength  as  that 
used  in  the  solar  process.  Before  the  brine  went  to  the  kettles  a 
little  quicklime  slaked  with  brine  to  form  a  thin  milk  was  stirred  in 
for  the  purpose  of  removing  the  iron,  which  was  quickly  precipitated 
as-  a  reddish-yellow  sludge  of  hydrated  ferric  oxide.  After  about  24 
hours  of  settling  the  brine  was  a  clear  bluish-green  solution. 

When  the  salt  making  began  a  wrought-iron  pan  so  shaped  as  to 
fit  snugly  to  the  sides  was  placed  in  each  kettle.  The  handle  of  the 
pan  was  near  the  center  of  the  kettle  for  ease  of  insertion  and  with- 
drawal. It  was  known  as  the  ''bittern  pan,"  and  was  used  to  collect 
the  calcitun  sulphate  which  began  to  separate  as  the  brine  approached 
complete  saturation.  It  was  withdrawn  several  times  from  the 
kettle  before  the  salt  began  to  separate,  and  the  sediment  which  col- 
lected in  it  was  thrown  away.  When  salt  began  to  form  the  pan  was 
finally  withdrawn.  When  enough  salt  had  separated  it  was  ' '  drawn  " 
or  removed  to  baskets  laid  across  the  rim  of  the  kettle  and  washed 
with  a  mixture  of  the  pickle  left  in  the  kettle  plus  fresh  brine  added 
after  the  removal  of  the  first  batch  of  salt.  The  basket  remained 
usually  until  the  kettle  had  been  "drawn"  a  second  time,  when  the 
contents  of  the  basket  were  dimiped  into  the  bins.  The  steam  from 
the  kettles  also  acted  as  an  efficient  agent  in  making  the  salt,  as  when 
it  rose  into  the  salt  in  the  baskets  above  it  dissolved  adhering  calcium 
and  magnesimn  chlorides. 

In  spite  of  the  efforts  to  remove  calciimi  sulphate  there  was  a 
constant  tendency  for  an  incrustation  to  form;  this  layer  thickened 
more  rapidly  in  the  kettles  nearer  the  fire  than  in  those  farther  away, 
because  salt  was  made  more  rapidly  in  the  former  than  in  the  latter. 
The  kettles  near  the  fire  were  drawn  every  4  or  5  hours,  and  those 
farthest  away  were  drawn  only  once  in  24  or  36  houis.  As  the  layer 
of  calcixmi  sulphate  in  the  front  kettles  became  thicker,  it  materially 
retarded  evaporation  because  of  its  being  an  exceedingly  poor  con- 
ductor of  heat.  After  five  or  six  days,  therefore,  the  salt  was  drawn 
from  the  front  kettles  together  with  nearly  all  the  pickle.  Fresh  water 
was  added,  and  after  boiling  for  some  time  the  layer  of  calcium  sul- 
phate was  partly  dissolved  and  loosened  so  as  to  be  easily  removed. 
When  the  kettles  nearest  the  chimney  were  ready  to  be  cleaned  those 
nearest  the  fire  had  again  reached  a  condition  in  which  recleaning 
was  necessary;  the  fiires  were,  therefore,  allowed  to  go  out,  accmnu- 
lated  salt  was  removed  from  the  kettles,  the  mother  liquor  was  dipped 
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out  into  the  gutter,  and  the  kettles  were  cleaned.  Brine  was  then 
added  and  another  run  was  begun,  a  considerable  quantity  of  salt 
having  formed  in  the  meantime  in  the  front  kettles  from  the  heat 
remaining  in  the  arches  below  them.  This  salt  was  much  coarser  than 
the  boiled  salt  and  was  kept  separate.  The  time  consumed  in  a  run 
varied  from  10  days  to  two  weeks.  The  salt  remained  in  storage  for 
two  weeks  to  drain,  after  which  it  was  ready  for  the  market. 

The  quality  of  the  products  and  the  efficiency  of  the  process 
depended  on  the  weather,  on  the  strength  and  quality  of  the  raw 
brine,  on  the  character  and  condition  of  the  fuel,  and  on  a  multitude 
of  other  conditions  of  mmoE-hnportance. 

EVAPORATION  IN  OPEN  PANS. 

The  open-pan  process  of  making  salt  is  employed  in  New  York, 
Michigan,  Kansas,  and  on  a  minor  scale  in  the  Sevier  Valley,  Utah. 

PEELIMINAEY  TREATMENT  OF  THE  BRINE.** 

The  brine  is  pmnped  from  the  wells  into  settling  tanks  where  it 
remains  a  day  or  so  exposed  to  the  air  to  alloyr  the  escape  of  gases, 
such  as  hydrogen  sidphide,  and  the  precipitation  of  as  much  of  the 
iron  compoimds  as  possible.  Then  a  thin  epiulsion  of  lime  is  added 
and  the  solution  is  agitated,  either  mechanically  or  by  hand,  or  is 
aerated  with  a  current  of  air  to  insure  thorough  mixing.  Through 
the  chemical  action  of  the  lime  any  iron  compoimds  present  which 
would  discolor  the  product  are  precipitated  and  removed.  A  day  or 
so  after  the  addition  of  the  lime,  soda  ash  may  be  added,  particularly 
if  the  salt  is  intended  for  table  or  dairy  use.  After  the  addition  of 
the  soda  ash,  the  brine  is  allowed  to  stand  for  several  days  to  become 
perfectly  clear,  but  the  length  of  time  allowed  for  settling  depends 
largely  on  trade  conditions.  In  the  Saginaw  Valley,  Mich.,  where 
bromine  and  calcium  chloride  are  made  as  well  as  salt,  the  bromine 
may  first  be  removed  by  electrolysis.  The  brine  may  or  may  not  be 
preheated  before  it  goes  to  the  pans  themselves. 

PAN   CONSTRUCTION  AND  MANIPULATION. 

The  shallow  open  pans  employed  in  makmg  salt  are  illustrated  in 
figure  1 .  They  are  made  of  riveted  wrought-iron  plates,  ^  to  i  inch 
thick,  and  have  flaring  sides.  In  New  York  some  that  are  in  use 
have  two  compartments  separated  by  a  wood  or  metal  partition. 
These  compartments  are  known  as  the  front  and  the  back  pans,  the 
former  being  nearer  the  fire.  In  New  York  and  Kansas  the  pans  are 
usually  about  100  to  115  feet  long,  23  to  30  feet  wide,  and  12  to  18 
inches  deep,  the  back  or  preheating  pan  being  shorter  than  the  front 

•  For  further  details,  see  "  Grainer  Pnxsess/'  p.  61. 
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pan  in  which  the  Bait 
is  made.    In  Michigan 
the  pans  are  usually 
not  as  long  or  as  wide 
as  in  New  York  and 
Kansas.    The  hrin  e  is 
first  run  into  the  back 
pan  and  after  heing 
heated  hj  the  hot 
gases  from  the  fires  it 
is  siphoned  into  the 
front  pan.     In  New 
York  and  Kansas  the 
front  pan  may  have 
two  sections,  the  salt 
being  made  in  the  one 
nearer  the  fire,  which 
'^   is  usually  the  longer. 
^       The  fuel  tised  in  the 
a.  eastern  States  is  coal, 
I  butinKansasnatural 
I  gas  is  employed  ex- 
I  cept  in  winter  when 
I  either  coal  or  crude  oil 
£  may  have  to  be  eub- 
i  stituted  for  it.    Pans 
g  heated  by  oil  or  gas 
£  differ  in  details  from 
those  heated  by  coal, 
Wh^  Bufficientsalt 
has  separated  in  the 
front  pan,  this  salt  is 
removed  to  the  draui 
board,  built  along  the 
flaring  sides,  and  al- 
lowed to  drain  there. 
In  the  meantime,  tho 
front  pan   is   rcfillod 
with  brine  from  the 
back   pan   which,   iu 
turn,  is  refilled  from 
the  settling    tanks. 
Hand  rakes  are  gen- 
erally used  to  remove 
thesalt,butinE 
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some  mechanical  rakes  are  used.    Mechanical  raking  is  more  common, 
however,  in  the  grainer  process. 

Modifications  of  the  method  of  manufacture  outlined  above  and 
many  details  connected  therewith  are  described  imder  the  different 
State  headings. 

GHABACTEB  OF  KIODUCT. 

The  open-pan  process  of  making  salt  is  employed  in  New  York, 
Michigan,  Kansas,  and  Utah,  and  the  modes  of  operation  at  some 
works  differ  materially.  The  process,  though  not  extensively 
employed,  has  its  advantages,  one  of  these  being  the  ability  to  con- 
trol the  grain  of  the  product.  To  obtain  a  fine-grained  salt,  rapidity 
of  crystallization  is  essential,  and  this  is  procured  by  allowing  the 
brine  to  boil.  Sometunes  artificial  means  are  employed,  such  as  the 
addition  of  lard,  taUow,  or  butter  to  the  surface  of  the  brine  to  break 
up  the  grain.  When  salt  is  made  thus  rapidly  the  pans  have  to  be 
drawn  oftener  than  when  coarser-grained  salt  is  being  made  by  the 
slower  process. 

PRACTICE   IN   WYOMING   COUNTY,  N.  Y. 

The  general  operation  of  the  open-pan  process  is  well  illustrated 
by  practice  in  New  York.  The  brine  is  pumped  from  the  wells  into 
the  settling  tanks,  often  during  the  night  to  economize  time  and  the 
use  of  machinery.  After  the  brine  has  remained  in  the  settling 
taiiks  for  24  hours  to  allow  the  escape  of  hydrogen  sulphide  and 
other  gases,  a  thin  emulsion  of  lime  is  added,  and  the  brine  aerated 
with  a  current  of  air  to  insure  thorough  mixing  The  lime  precipi- 
tates any  iron  in  the  brines.  Twenty-four  hours  after  the  addition 
of  the  lime  soda  ash  may  be  a^ded,  particularly  if  the  salt  is  to  be 
for  table  or  dairy  use.  The  brine  is  allowed  to  stand  sometimes 
seven  days  in  all,  but  the  length  of  time  depends  largely  on  the 
condition  of  the  trade. 

The  shallow  pans  are  made  of  riveted  wrought-iron  plates  three- 
sixteenths  to  one-quarter  inch  thick.  The  two  compartments  of  a 
pan  are  separated  by  a  partition  of  wood  or  metal,  and  are  commonly 
known  as  the  front  pan  and  the  back  pan.  The  pans  are  usually 
about  115  feet  long,  including  the  two  compartments,  27  to  30  feet 
wide,  and  18  inches  deep.  At  the  plants  in  New  York,  where  meas- 
urements were  given  to  the  writer,  the  back  pan  was  43  to  48  feet 
and  the  front  pan  66  to  72  feet  long. 

The  brine,  after  having  been  heated  in  the  back  pan,  is  siphoned 
into  the  front  pan,  where  crystallization  takes  place.  The  ends  of 
the  pans  are  at  right  angles  with  the  bottom.  The  sides  flare,  and 
upon  the  drain  boards,  built  out  beyond  the  flaring  sides  and  extend- 
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ing  along  them  the  salt  is  raked  and  left  to  drain  after  crystallizing 
in  the  pan. 

The  large  front  pans  rest  on  two  side  and  two  inner  brick  walls, 
Uned  with  fire  brick  where  exposed  to  high  temperature  and  with 
ordinary  brick  farther  back.  Fire-brick  arches  are  built  within  the 
walls  where  the  heat  is  most  intense.  The  arch  directly  over  the  fire 
is  longest  and  extends  a  few  feet  back  of  the  grates.  An  open  space 
follows  this  arch,  then  a  shorter  arch,  and  so  on  backward  for  a 
distance  of  20  feet,  the  arches  becoming  shorter  and  the  open  spaces 
longer.  The  flue  space  under  the  back  pan  is  reduced  to  the  prac- 
ticable minimum.     ** Draft"  is  supplied  by  means  of  blowers. 

The  brine  runs  first  into  the  back  pan,  where  it  is  preheated  by 
the  hot  gases  from  the  fires,  thence  it  passes  through  siphons  into 
the  front  pan,  passing  from  the  back  to  the  front  section  of  the  front 
pan  in  plants  where  the  front  pan  itself  is  divided.  When  the  front 
pan  is  full  enough  the  flow  is  stopped.  When  sufficient  salt  has 
separated  in  the  front  pan  it  is  removed  to  the  drain  board.  Grener- 
ally,  the  salt  is  allowed  to  drain  at  least  three  hours,  the  front  pan 
being  in  the  meantime  filled  with  warm  brine  from  the  back  pan 
and  the  latter  in  turn  refilled  from  the  settling  tanks.  The  control 
of  the  grain  can  not  be  maintained  satisfactorily  while  the  brine  i^ 
in  commotion,  which  is  the  reason  for  the  procedure  outlined  above. 
Care  must  also  be  exercised  not  to  allow  cold  brine  to  go  to  the  front 
pans  for  the  same  reason.  At  regular  intervals  the  bittern  is  allowed 
to  go  to  waste,  the  pans  are  scaled — that  is,  the  crust  of  gypsum 
adhering  to  them  is  removed — and  the  operation  is  started  anew. 
Sometimes  the  pans  are  coated  with  whitewash  before  brine  is 
tmned  into  them. 

PRACTICE   IN   MICHIGAN. 

The  open  pan  is  also  used  in  Michigan,  but  the  general  method  of 
operation  is  not  greatly  different  from  that  in  New  York.  The 
pans  are  made  of  i-inch  boiler  plate,  riveted  to  form  a  pan  80  or  90 
feet  long,  18  to  20  feet  wide,  and  about  a  foot  deep.  The  draining 
boards,  on  the  flaring  sides,  are  about  3  feet  wide  and  run  the  entire 
length  of  both  sides.  The  pan  is,  as  usual,  supported  at  the  sides 
and  one  end  by  brick  walls,  the  furnaces  being  under  the  other  end. 
Two  methods  of  heating  are  in  use.  In  one,  heat  passes  directly 
from  the  furnace  at  the  front  end  of  the  pan  to  'he  chimney  in  the 
rear.  In  the  other,  partitions  divide  the  space  below  the  pan  into 
three  compartments  or  flues,  two  of  which  pass  from  the  furnace  to 
the  back  of  the  pans  and  open  into  the  third,  through  which  the 
smoke  and  gases  pass  to  the  chimney  near  the  furnace.^ 

a  Cook,  C.  W.,  The  salt  industry  of  Michigan:  Mich.  G«ol.  and  Biol.  Survey  Pub.  8,  GeoL  aeries  6, 1913, 
pp.  32Q-321. 
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At  a  plant  in  Saginaw  Valley  where  the  open-pan  process  is  used 
to  make  salt  in  connection  with  the  manufacture  of  bromine  and 
calcium  chloride,  the  bromine  is  first  removed  and  then  the  salt;  a 
reversal  of  the  order  followed  at  Pomwoy,  Ohio,  Mason  and  Maiden, 
W.  Va.,  and  formerly  at  Pittsburgh,  Pa. 

The  natural  brine  contains  dissolved  iron  which  precipitates  as  the 
basic  oxide  on  exposure  to  the  atmosphere.  After  the  bromine  has 
been  removed  sodiimi,  calcimn,  and  magnesium  chlorides  are  the 
principal  compounds  that  remain,  and  the  brine  is  said  to  be 
slightly  alkaline  in  reaction  owing  to  the  presence  of  hydroxides. 
The  liquor  is  pimaped  into  large  settlers,  in  which  it  is  treated  with 
milk  of  lime  in  excess  and  mechanically  agitated  for  2  hours  and  then 
warmed  with  exhaust  steam  12  to  24  hours.  The  clear  brine  then 
flows  into  a  cast-iron  pan  containing  a  saturated  brine,  where  it  is 
heated  in  a  lower  tank  or  pan,  which  is  much  smaller  than  the  corre- 
sponding pan  used  in  New  York.  The  brine  is  boiled,  more  being  con- 
stantly added  from  the  preheating  pan  until  the  end  of  a  run.  After 
the  continual  addition  of  brine  containing  calcimn  and  magnesium  salts 
and  sodium  chloride  and  the  continual  removal  of  the  latter  salt  has 
increased  the  density  of  the  solution  to  a  certain  point,  no  more  brine 
is  added  and  all  the  salt  practicable  is  allowed  to  separate.  The  re- 
sidual bittern  is  then  evaporated  for  the  recovery  of  calcium  chlo- 
ride. Mechanical  rakers  carry  the  salt  from  the  bottom  of  the  lower 
pan  to  the  floor  of  the  upper  pan,  where  the  salt  is  washed  with  fresh 
saturated  brine  from  the  settlers.  The  salt  then  ascends  a  long 
slide,  draining  in  the  meanwhile,  and  is  conveyed  to  the  bins. 

The  method  of  washing  frees  the  salt  from  magnesium  and  calciimi 
compounds  especially.  As  gypsum  is  rare  in  the  brine  from  the  Mar- 
shall sandstone  in  the  part  of  Saginaw  Valley  where  this  process  is 
used,  considerable  trouble  and  expense  are  obviated.  It  is  imden- 
stood  that  the  pipes  are  not  scraped,  but  simply  washed  every  three 
or  four  weeks. 

PRACTICE  NEAR  HUTCHINSON,   KANS. 

The  open-pan  process  used  by  a  few  firms  around  Hutchinson, 
Kans.  (PI.  XI,  A),  does  not  differ  fundamentally  from  that  used  in 
New  York.  The  pans  are  arranged  side  by  side,  several  of  them  in  the 
same  plant.  They  are  100  to  1 18  feet  long,  23  to  24  feet  wide,  and  the 
brine  in  them  is  approximately  1  foot  deep.  The  brine  is  pumped 
from  the  well  to  the  settling  or  storage  tanks  and  thence  directly  to  the 
pans,  which  are  usually  whitewashed.  The  pans  are  separated  into 
at  least  two  and  at  some  plants  three  compartments.  Where  three 
compartments  are  used  each  of  the  two  back  compartments  are  14 
feet  long,  and  the  front  one  is  90  feet  long.  Where  two  are  used  the 
back  one  is  only  8  feet  long,  whereas  the  front  or  salt-making  com- 
partment is  92  feet  long;  but  where  this  arrangement  is  used  the  brine 


60 


TECHNOLOGY  OF  SALT  MAKING. 


•8 


is  heated  by  the  chimney  gases  at  the  base  of  the  chimney.  The 
brine  is  preheated  by  the  hot  flue  gases  in  the  back  compartment  prior 
to  passing  to  the  front. 

At  one  of  the  plants  the  brine  from  the  storage  tanks  passes  fii^t 
into  a  small  double-walled  cylindrical  tank  in  the  base  of  the  chiomey, 
in  which  the  brine  is  heated  in  an  annular  cylinder  18  inches  wide  and 

20  feet  deep,  shaped  as  shown  in  figure  2.  The 
chimney  gases  pass  out  through  the  central  hollow 
part  of  the  cylinder.  It  is  evident  that  the  preheat- 
ing part  of  the  pan  proper  need  not  be  so  long  where 
this  device  is  used. 

Natural  gas  is  used  for  fuel  except  during  winter, 
when  coal  or  crude  oil  has  to  be  used  if  the  pans  are 
operated.  The  gas  burners  are  arranged  along  the 
sides  of  the  front  compartment  of  the  pan,  a  pan 
115  feet  long  being  provided  with  nine  lateral  burn- 
ers on  each  side  of  the  front  section  and  one  main 
burner  in  the  front.  The  number  of  lateral  burners 
used  depends  on  the  desired  grain  of  salt.  Some  of 
the  pans  are  flared  along  their  sides  and  provided 
with  drip  boards,  and  in  some  mechanical  rakers 
move  the  salt  forward  to  the  end  of  the  pan  and  over 
an  end  drip  board,  though  the  latter  method  is  more 
in  vogue  in  the  grainer  process.  The  salt  is  raked 
FiavKKT^-PT^eAting  o^^  ^^^  lateral  drip  boards,  where  these  are  em- 
tank  for  brine  at  base  ployed,  about  every  two  hours  and  allowed  to  drain 
^'  one  hour  before  being  taken  to  the  storage  bins. 

The  salt  is  allowed  to  remain  in  bins  at  least  30  days  before  being 
barreled  or  shipped .  The  pans  have  to  be  scaled  every  25  or  30  days, 
the  bittern  in  them  going  to  waste. 


PRACTICE   IN   SEVIER  VALLEY,   UTAH. 

A  small  quantity  of  open-pan  salt  is  made  near  Redmond,  in  Sevier 
Valley,  and  formerly  was  made  also  in  Salt  Creek  Canyon  east  of 
Nephi,  Utah.  (PI.  XI,  B.)  In  the  Sevier  Valley  rock  salt  from 
neighboring  open-cut  mines  is  the  source  of  the  raw  material,  whereas 
east  of  Nephi  a  brine  flowing  from  a  salt  spring  is  utilized.  The  rock 
salt  in  the  form  of  coarse  lumps  obtained  by  ordinary  mining  is  dis- 
solved in  a  small  wooden  tank  outside  the  plant;  the  brine  thus 
formed  is  run  into  small  oblong  iron  pans,  about  a  foot  deep,  over 
wood  or  coal  fires.  The  brine  is  boiled  vigorously,  and  as  evaporation 
progresses  fresh  brine  is  run  in.  The  salt  is  raked  from  the  bottoms 
of  the  pans  at  intervals;  after  it  has  been  dried  and  ground  it  is 
bagged,  and  at  least  part  of  the  product  is  sold  for  table  use. 
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STEAM  EVAPOBATIOH. 

EVAPORATION  IN  JACKETED  KETTLES. 

In  past  years  some  salt  blocks  in  the  Wyoming  Valley,  New  York, 

had  kettles  that  were  supported  in  a  framework  and  snrromided  by  a 

steam  jacket  covered  with  nonconducting  material  instead  of  being 

suspended  in  a  framework  of  brick  or  masonry  and  exposed  to  the 

direct  heat  of  the  fires  as  in  the  open-kettle  process.    The  jacketed 

kettles  could  be  uniformly  heated,  and  their  walls  were  thin  enough 

for  economical  transmission  of  heat.    Thus  the  grain  of  the  product 

turned  out  was  imif orm  and  the  salt  itself  of  good  quality.     So  far  as 

known,  no  jacketed  kettles  are  now  used  in  New  York  State. 

OBAINEB  PBOCESS. 
GENERAL   PRINCIPLES   OF   SALINE   DEPOSITION. 

If  a  saturated  solution  of  a  salt  is  concentrated  by  evaporation, 
part  of  the  salt  is  deposited  in  crystalline  form  imtil  the  solution  has 
again  reached  equilibrium  of  saturation.     DiflFerent  salts  possess  dif- 
ferent degrees  of  solubility,  or,  in  other  words,  different  proportions 
of  them  saturate  a  given  volume  of  water  at  a  given  temperature. 
Therefore,  if  a  solution  containing  equal  amoimts  of  several  salts  is 
gradually  concentrated  by  evaporation  one  salt  first  reaches  its  point 
of  saturation  and  begins  to  crystalize  and  form  a  deposit  before  the 
others;  subsequently  another  salt  reaches  its  point  of  saturation  and 
forms  a  deposit  mixed  with  more  or  less  of  the  first  salt,  which  is 
still  being  deposited.     Finally,  after  all  the  water  except  that  re- 
tained in  the  crystals  has  evaporated  there  remains  a  series  of  deposits, 
the  deposit  of  the  salt  that  first  reached  saturation  being  at  the  bot- 
tom, the  most  soluble  being  at  the  top.     If  the  supernatant  liquid  is 
removed  before  the  second  salt  reaches  its  point  of  saturation,  the 
deposit  of  the  first  salt  is  only  sUghtly  contaminated  by  adhering 
solution  and  can  be  rendered  very  pure  by  being  dissolved  in  fresh 
water  and  recrystaUized.    This  is  the  principle  of  the  ordinary  process 
of  pmification  by  fractional  crystallization. 

If,  on  the  other  hand,  more  of  the  original  mixed  solution  is  added 
before  the  second  salt  begins  to  crystalUze  the  concentration  of  the 
first  salt  is  decreased  less  than  that  of  the  others,  and  the  deposition 
of  it  is  thereby  retarded  less;  consequently  a  thick  deposit  of  the  first 
salt  may  gradually  be  formed  by  continuous  evaporation  and  suc- 
cessive additions  of  mixed  solution,  imtil  finally  the  concentration 
of  the  other  salts  in  the  solution  becomes  so  great  that  they  also  are 
deposited.  This  is  the  principle  of  separation  followed  in  the  grainer 
process.  These  fimdamental  processes,  which  can  be  demonstrated 
in  any  laboratory,  are  generally  believed  to  have  been  those  that 
formed  natural  saline  deposits. 
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GENERAL  CONDITIONS  AS  TO  USE  OF  WASTE  HEAT. 

The  following  information  with  respect  to  the  general  conditions 
siuTonnding  the  use  of  waste  heat  is  given  by  Willcox,"  who  has  had 
a  wide  experience. 

The  low  price  of  salt  that  has  prevailed  for  several  years  past  and  which,  according 
to  present  indications,  will  continue  for  some  time  to  come,  has  brought  forcibly  to  the 
attention  of  salt  producers  the  necessity  for  economy  in  the  operation  of  their  plants. 
The  low  price  of  salt,  the  continually  increasing  cost  of  labor,  and  the  troubles  expe- 
rienced on  account  of  strikes,  etc. ,  have  had  the  e£Fect,  first,  of  introducing  labor-saving 
machinery  into  salt  plants,  and  second,  of  awakening  the  interest  of  salt  producers  in 
the  problem  of  introducing  more  efficient  means  for  settling  and  evaporating  brine. 

Certain  arrangements  of  evaporating  apparatus  and  methods  of  operating  it  have 
grown  up  as  the  result  of  experience  in  each  salt-producing  district  of  the  coimtrv'. 
Each  district,  therefore,  follows  the  methods  that  have  been  found  suited  to  its  indi- 
vidual requirements,  and  these  methods  have  in  the  coiirse  of  time  become  sUmdard 
practice  for  that  district.  In  some  sections  much  study  has  been  given  to  the  problem 
of  brine  evaporation,  and  a  voluminous  literature  has  been  contributed  to  the  chemistry 
of  salt  production.    Not  so,  however,  with  the  engineering  side  of  the  problem. 

In  certain  sections,  owing  to  the  abundance  of  cheap  fuel  and  for  other  reaaons, 
little  study  has  been  given  to  the  subject  of  economical  evaporation.  In  such  districts 
the  quantity  of  output  has  natiuidly  been  the  main  consideration. 

The  standard  practice  in  each  salt-producing  section  has  been  subject  to  little 
change  or  improvement  until  within  the  last  10  years,  and  these  changes  and  improve- 
ments have  in  large  measure  been  necessitated  by  the  low  price  at  which  salt  has  bad 
to  be  sold. 

The  manufactnre  of  salt,  more  especially  by  the  grainer  process, 
is  often  carried  on  in  conjunction  vpith  some  other  industry.  In 
Michigan,  the  industry  grew  up  largely  as  an  adjunct  of  Jumbering 
and  is  still  carried  on  in  connection  with  it.  In  other  places  salt 
making  is  related  to  some  local  industry.  Thus,  at  Cleveland,  Ohio, 
near  Ithaca,  N.  Y.,  and  at  Pomeroy,  Ohio,  exhaust  steam  is  supplied 
from  the  neighboring  plants  of  traction  companies,  and  in  one  in- 
stance the  heat  for  salt  making  comes  from  an  electric  plant  of  a 
closely  associated  mining  operation.  Advantage  had  to  be  taken 
of  the  low  cost  of  heat. 

In  many  places  heat  is  employed  that  otherwise  might  go  to  waste, 
such  for  example,  as  that  contained  in  the  condenser  or  tail-water 
gathered  from  all  parts  of  a  plant,  and  in  a  few  places  economizers 
are  used  that  utilize  the  heat  of  the  chimney  gases.  Such  methods 
are  described  more  in  detail  under  the  heading  of  "Preheating*'  in 
the  following  pages,  and  under  the  local  discussion  by  States.  To 
sum  up,  it  may  be  stated  that  many  salt  plants  exist  simply  because 
of  some  decisive  advantage,  one  of  which  is  cheap  and  readily  availa- 
ble fuel. 

«  WUloox,  O.  B.,  Evapontion  tcsto  oT  a  salt  grainer:  HJcUKan  BngbMor,  1907,  pp.  lM-i65. 
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MANIPULATION   OF   BRINE. 
PUMPING. 


The  brine  usually  comes  from  several  hundred  feet  below  the 
surface — ^in  places  as  much  as  2,300  feet.  Several  methods  are  used 
for  raising  or  lifting  the  brine  to  the  surface;  among  the  more  common 
are  there  ^  (1)  The  air  lift  or  Pohl6  system,  (2)  the  hydraulic  method, 
and  (3)  the  old-fashioned  sucker-rod  and  walking-beam  pumping 
system. 

In  the  air-lift  system  air  under  pressure  is  forced  down  a  pipe 
within  the  tubing  of  the  well,  in  which  the  brine  is  standing.  Rising 
bubbles  of  air  lift  the  brine,  which  is  thoroughly  aerated — the  air 
escapes  as  the  brine  leaves  the  pipe  to  enter  the  first  settling  tanks. 
This  system  of  lifting  brine  is  in  common  use  in  New  York  and  in 
certain  salt-making  districts  in  Michigan,  Ohio,  and  Texas.  Details 
in  applying  the  method  vary  in  different  fields  and  perhaps  in  the 
different  plants  within  the  same  field. 

In  certain  parts  of  the  Michigan  field,  brine  is  also  raised  by  hydraulic 
pressure ;  that  is,  by  forcing  water  into  the  weUs  imder  great  pressure, 
as  a  result  of  which  the  brine  is  forced  out  at  the  same  time  either 
from  the  same  or  a  different  well.  The  water  is  forced  down  the  outer 
pipe  or  casing  and  the  brine  flows  out  of  the  inner  pipe  or  tubing.  In 
some  places  underground  solution  of  the  salt  has  progressed  so  far 
that  the  ** cavities''  of  separate  wells  have  merged,  and  at  one  plant 
as  many  as  four  '* cavities''  are  known  to  be  connected  undergroimd. 
It  is  stated  by  some  operators  that  the  method  of  lifting  brine  by 
hydraulic  pressure  is  more  satisfactory  than  by  the  air-lift  method, 
because  a  stronger  brine  is  obtained  more  cheaply  and  with  less  destruc- 
tion of  machinery.  At  some  Ohio  plants  the  brine  is  hfted  by  the  air 
lift  and  the  air  is  liberated  at  the  well  to  avoid  jarring  the  pipes  and 
air  compressors.  In  one  plant  in  Ohio  a  combination  method  is  em- 
ployed, the  brine  being  forced  to  within  800  feet  of  the  surface  by 
hydraulic  pressure  and  the  remainder  of  the  distance  by  means  of  the 
air  lift.  Hydraulic  pressure  is  in  use  in  New  York,  Michigan,  and 
Kansas.  In  Kansas  the  fresh  water  used  in  the  vicinity  of  Hutchinson 
and  Sterling  is  part  of  the  underflow  of  the  Arkansas  River  and  comes 
from  a  depth  of  30  to  35  feet. 

In  eastern  Ohio,  West  Virginia,  and  Pennsylvania,  and  in  certain 
parts  of  the  Saginaw  Valley,  the  sucker-rod  and  walking-beam  sys- 
tem of  pumping  has  been  employed,  but  modem  deep-well  pumps  are 
also  used  at  certain  plants  in  these  States.  The  present  tendency  is 
toward  the  complete  displacement  of  the  old-fashioned  rod  and  walk- 
ing beam  in  favor  of  the  air  lift.  Along  Ohio  River  the  old-fashioned 
methods  have  passed  into  history. 
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CLARirsriNO. 

After  being  pumped  to  the  settling  tanks,  the  brine  is  allowed  to 
stand  long  enough  to  permit  the  escape  of  gases — chiefly  hydrogen 
sulphide — considerable  quantities  of  which  are  present  in  the  brine 
of  certain  wells  in  New  York  and  Michigan;  and  also  to  allow  the 
oxidation  and  precipitation  of  as  much  iron  as  possible.  The  aeration 
may  also  be  accomplished,  for  example,  in  certain  parts  of  the  Sagi- 
naw Valley,  simply  by  agitating  the  brine  and  allowing  it  to  stand. 
In  plants  in  the  Saginaw  VaUey,  where  such  preliminary  mechanical 
aeration  is  carried  out,  the  brine  passes  directly  to  the  settling  tanks, 
where  milk  of  lime  is  added,  either  mechanically  or  by  hand,  and  the 
brine  is  agitated  and  allowed  to  stand,  sometimes  for  several  days  if 
the  storage  capacity  is  exceptionally  large. 

After  standing  in  contact  with  the  air  or  after  mechanical  aeration, 
brine  is  treated  with  milk  of  lime  and  thoroughly  plunged  and  mixed, 
after  which  it  is  allowed  to  stand  long  enough  to  settle  completely — 
the  length  of  time  depending  upon  the  demand  for  salt.  To  remove 
the  excess  of  lime,  soda  ash  is  added  at  some  plants,  and  the  solution 
is  allowed  to  stand  still  longer. 

In  northeastern  Ohio  milk  of  lime  is  added  in  the  storage  tanks, 
but  this  treatment  has  not  been  foimd  necessary  in  all  localities. 
At  one  plant  milk  of  lime  is  forced  underground  through  the  casing 
and  thus  into  the  brine.  It  is  claimed  that  the  resulting  brine  is 
clearer  than  usual  and  that  the  impurities  settle  more  rapidly,  though 
the  reasons  for  these  remits  are  not  very  clear  to  the  writer.  In 
Kansas  the  brine  as  a  rule  is  not  treated  either  with  lime  or  soda  ash. 

The  settling  tanks  and  the  preheating  tanks  vary  greatly  both  in 
dimension  and  in  construction,  and  it  has  been  thought  wise  to 
give  details  under  the  practice  in  the  different  States. 

PREHEATING. 

To  insure  good  results  the  brine  is  allowed  to  run  into  the  grainers 
at  the  rate  at  which  evaporation  takes  place  and  at  a  temperature 
slightly  below  that  of  the  brine  in  the  grainer.  The  brine  is  raised 
to  the  desired  temperature  outside  of  the  grainer  in  preheating  tanks. 
These  may  be  as  long  and  as  wide  as  the  grainer,  but  they  are  usually 
deeper  and  hence  of  greater  capacity.  The  heat  employed  is  that 
which  might  otherwise  go  to  waste,  such  as  that  in  the  condenser  or 
tail  water  gathered  from  all  parts  of  the  plant,  exhaust  steam,  etc. 
Whenever  there  is  a  surplus  of  steam,  as  during  the  Ufting  process, 
direct  steam  may  be  employed.  Sometimes  two  sets  of  preheaters 
are  in  use,  tail  water  being  employed  in  the  first,  and,  in  the  second, 
to  raise  the  temperature  still  higher,  exhaust  steam  is  used.  In 
rather  rare  instances  what  are  known  as  economizers  are  in  use, 
whereby  the  heat  of  the  chimney  gases  is  utihzed.     The  economizers 


STEAM  EVAPORATION.  65 

consist  of  many  flues  in  contact  with  the  brine.  As  the  chimney 
gases  pass  through  the  flues  to  the  chimneys  they  give  up  their  heat 
to  the  brine.     In  such  cases  the  draft  is  assisted  by  a  fan. 

Because  of  the  pecuUarities  of  practice  in  southern  Ohio  and  West 
Virginia,  owing  to  the  dilute  brine  used  in  those  States  and  also  to 
the  industrial  conditions  differing  from  those  in  other  salt  fields,  the 
general  subject  of  preparing  the  brines  for  making  the  salt  by  the 
grainer  process  is  described  in  detail  under  the  different  geographic 
headings. 

OUTLINE   OF  PROCESS." 

The  grainer  or  Michigan  process  of  making  salt  is  of  American 
origin.  Briefly,  it  consists  in  passing  live  or  exhaust  steam  through 
metal  pipes  that  are  immersed  in  the  brine  to  be  evaporated.  The 
brine  is  contained  in  the  grainer,  a  long,  narrow,  shallow  vat  built  of 
wood  or  metal  supported  on  a  framework,  or  of  cement  or  concrete 
supported  on  a  foundation  of  sand. 

In  some  districts  the  process  is  carried  on  efficiently,  care  being 
taken  to  conserve  the  heat  wherever  possible  and  to  handle  the  salt 
as  little  as  practicable.  Such  plants  have  usually  been  able  to  sur- 
vive the  keen  competition  everywhere  evident  in  the  salt  industry. 
On  the  other  hand,  many  grainer  plants  have  advanced  little  during 
recent  years  and  have  steadily  decreased  their  outpift;  some  have 
shut  down  altogether.  Many  of  the  plants  exist  simply  because  of 
some  overwhelming  advantage,  such  as  cheap  and  readily  available 
fuel  or  a  market  for  bromine,  calcium  chloride,  or  other  by-products. 

The  output  of  a  grainer  varies  considerably,  depending  (1)  on 
whether  live  or  exhaust  steam  or  ^Hail  water"  (hot  water  gathered 
from  different  parts  of  the  plant)  is  used  for  heat;  (2)  on  its  size;  and 
(3)  on  the  general  efficiency  with  which  operations  are  conducted.  In 
those  plants  whel-e  the  so-called  dividend  grainers  are  used  and  where 
the  process  of  making  salt  is  slow  the  yield  is  naturally  smaller  than 
in  plants  where  exhaust  steam  is  used.  The  length  of  time  a  grainer 
runs  before  being  cleaned  is  a  variable  factor,  but  great  length  of 
time  between  clean-ups  does  not  signify  that  the  resulting  salt  is  of 
poor  quality,  for  at  some  of  the  grainers  it  is  the  aim  to  have  the  pro- 
cess a  slow  one  and  to  make  the  grain  of  the  product  correspondingly 
coarse. 

As  the  details  of  the  grainer  process  as  carried  on  in  various  dis- 
tricts of  this  country  differ  markedly  they  are  described  by  States  in 
so  far  as  such  treatment  is  advantageous,  in  addition  to  the  general 

oQiatard,  T.  M.,  Salt  making  processes  in  the  United  States:  U.  S.  Oeol.  Survey  Seventh  Ann.  Rept., 
1888,  pp.  618-526;  Merrill,  F.  J.  H.,  Salt  and  gypsum  industries  of  New  York:  New  York  State  Mus.  Bull., 
vol.3, No.  11, 1893, pp.  68-60;  Willcox,  O.  B.,  Evaporation  tests  of  a  salt  grainer:  Michigan  Engineer, 
1907,  pp.  164-189;  WOloox,  G.  B., Salt  manuf^ure:  Trans.  Am.  See.  Mech.  Engr.,  vol  30, 1900,  pp.  1066- 
1085. 
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descriptions  in  this  place.  Many  of  the  statements  made,  both  here 
and  imder  the  State  headings,  are  general,  and  practice  may  diverge 
considerately  in  individual  plants,  though  all  the  general  statements 
are  based  on  actual  practice. 

C50NSTEUCTI0N   OP   GRAINEB. 

The  grainer  may  be  built  of  wood,  metal,  or  reinforced  concrete. 
It  must  remain  brine-tight  under  great  differences  of  temperature. 
The  old  wooden  grainers,  especially  in  Michigan,  were  made  of  white 
pine,  which  was  then  plentiful.  The  pine  grainers  withstood  the  ac- 
tion of  the  brine  splendidly,  were  easily  made,  did  not  shrink  much, 
and  when  properly  caulked  with  oakum  gave  good  service  for  about 
five  years.  Some  of  the  wooden  grainers  used  are  built  of  hardwood ; 
grainers  with  sides  of  beech  and  bottoms  of  maple  were  called  to  the 
writer's  attention  in  Michigan  in  1911.  The  reinforced-concrete 
grainer,  a  more  recent  type,  is  monoUthic,  has  no  expansion  joints, 
and  is  usually  provided  with  mechanical  raking  devices.  It  rests  on 
a  bed  of  ranmied  sand,  which  gives  uniform  support  and  reduces  loss 
of  heat  by  radiation.  Its  walls  are  5  to  7  inches  thick  and  the  bottom 
4  to  6  inches  thick,  the  reinforcement  being  J-inch  steel  bars. 

The  following  data  regarding  a  type  of  mechanically  raked  grainer 
(PI.  XII)  that  Is  rather  widely  used  in  New  York,  Michigan,  Ohio,  and 
Kansas  are  taken  from  Willcox."  Many  modifications  of  the  me- 
chanically raked  grainer  are  giving  satisfaction 

MECHANICAL  RAKERS. 

During  the  process  of  evaporation  it  is  necessary  to  '*Uft"  the  salt 
that  collects  on  the  bottom  of  the  grainer.  The  salt  is  lifted  either 
by  hand  when  the  grainer  is  nearly  full  or  automatically  as  fast  as  it 
forms.  The  automatic  method  has  been  generally  adopted,  because 
it  is  less  expensive  in  the  long  nm  and  obviates  the  difficulty  of  pro- 
curing laborers  to  work  in  the  hot  steam-laden  atmosphere  of  the 
grainer  room.  Various  types  of  salt  raker  have  been  developed, 
their  object  being  to  collect  the  salt  and  dehver  it  to  the  incline  or 
"  apron  "  at  the  end  of  the  grainer.  In  whatever  manner  constructed, 
mechanical  rakers  must  be  capable  of  keeping  clean  a  floor  100  to  150 
feet  long  and  12  feet  wide,  and  they  must  deUver  the  salt  to  the  in- 
cline at  such  rate  as  will  allow  it  to  drain  properly  before  being 
pushed  into  the  mechanical  conveyors  for  dehvery  to  the  warehouse. 

Iron  or  steel  rakers  are  usually  used,  but  these  metals  are  strongly 
attacked  and  rapidly  deteriorate  in  a  salt-laden  atmosphere.  More- 
over, the  iron  salts  formed  by  their  destruction  discolor  and  thereby 
cheapen  the  product.    Chains  formerly  used  in  the  construction  of 

oWiUoox,  O.  B.,  Salt  manufaoture:  Trans.  Am.  Boo.  Heob.  Bngr.,  vol.  90, 1900,  pp.  1065-1065. 
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salt  rakers  have  been  discarded  at  some  plants  on  accoxmt  of  their 
liability  to  break.  Wheels  also  are  usually  avoided  on  accoxmt  of  the 
rapidity  with  which  they  wear  out  in  the  salty  atmosphere.  Over- 
head framework  is  not  desirable  because  it  obstructs  the  brine  surface. 
For  these  reasons  the  most  satisfactory  automatic  rakers  are  entirely 
submerged  in  the  brine  and  are  operated  by  a  hydraulic  cylinder, 
placed  in  front  of  the  grainer  beneath  the  grainer  pipes.  By  this 
expedient  corrosion  is  reduced  tot  a  minimum  and  no  difficulty  is 
experienced  from  red  salt. 

The  raker  (PL  XII)  consists  essentially  of  a  framework  com- 
prising two  steel  angles  A  within  the  grainer  near  its  bottom  and 
adjacent  to  the  side  walls.  At  intervals  these  two  angles  are  con- 
nected by  cross  braces  B,  and  the  framework  so  formed  carries  a 
series  of  feathering  scraper  blades  C  extending  across  the  grainer  and 
supported  at  either  end  on  the  two  side  angles  by  horizontally  pro- 
jecting rocking  pivots  or  fingers,  a.  The  scrapers  are  usually  placed 
about  8  feet  apart,  and  the  entire  raker  has  a  back-and-fortli  move- 
ment of  about  9  feet,  so  that  each  blade  travels  about  1  foot  ahead 
of  the  initial  position  of  the  next  blade  in  front.  The  salt  is  thus 
gradually  passed  to  the,front  of  the  grainer  and  up  the  incline. 

The  side  angles  sUde  back  and  forth  on  a  series  of  flat  cast-iron  shoes 
at  suitable  intervals  along  the  bottom  of  the  grainer.  The  piston 
rod  of  the  hydraulic  cylinder  passes  into  the  grainer  through  a  stuffing 
bo:x  in  which  are  several  rings  of  metallic  packing.  The  cylinder  is 
usually  about  8  inches  in  diameter  with  a  9-foot  stroke.  It  makes  a 
stroke  in  about  two  minutes,  bringing  up  a  load  of  salt  every  four 
or  five  minutes. 

BELT   CONVETOBS. 

On  a  dry  day  the  salt  may  be  seemingly  dry  and  behave  hke  granu- 
lated sugar  in  the  conveyors,  but  it  becomes  soggy  with  increased 
humidity,  and  brine  will  drip  from  the  conveyor  on  a  damp  or  foggy 
day.  If  the  conveyor  is  a  belt,  the  salt  on  a  dry  day  can  be  readily 
cleaned  from  it  by  means  of  a  diagonal  scraper  of  plate  glass,  but  on 
a  wet  day  will  stick  to  the  belt,  so  that  removal  by  any  cleaning  device 
is  exceedingly  difficult.  Another  difficulty  with  belt  conveyors  having 
iron  rollers  is  excessive  corrosion,  the  xmderside  of  the  belt  becoming 
covered  with  iron  rust  that  sooner  or  later  under  the  sweating  of  the 
salt  causes  rusty  water  and  pieces  of  discolored  salt  to  drop  on  the  salt 
piles.  A  suggested  substitute  for  the  iron  rollers  is  an  idler  made  of 
pepperidge,  a  kind  of  wood,  about  5  inches  in  diameter  and  2  or  3 
inches  longer  than  the  width  of  the  belt  and  having  a  cold-rolled  shaft. 
The  bearings  are  blocks  of  well-seasoned  maple  and  ordinary  cup 
grease  is  used  as  lubricant.  If  a  conveyor  belt  is  operated  continu- 
ously for  a  long  time,  dirty  salt  accumumlates  along  the  edges  and 
around  the  rollers  at  the  edges. 
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ALBEBGEB  PROCESS. 

The  salient  points  of  the  Alberger  process,  a  modification  of  the 
graincr  process  patented  by  Williams,  Alberger  &  Alberger"  are  out- 
lined below. 

One  of  the  fundamental  essentials  of  the  grainer  process  is  pre- 
liminary piuification  of  the  brine.  Purification  from  such  sub- 
stances as  the  sulphate  and  carbonate  of  lime  is  effected  by  heating 
the  brine  in  a  ''purifier*'  to  about  250*^  to  300"^  F.,  thus  rendering  the 
impurities  insoluble.  The  purifiers  are  generally  cylindrical,  but 
some  are  said  to  be  larger  at  the  bottom  than  at  the  top,  and  they  are 
generally  made  of  boiler  plate.  According  to  a  recent  patent,  puri- 
fiers are  partly  fiUed  with  ordinary  gravel  about  three-quarters  of  an 
inch  in  diameter.  The  brine  xmder  pressure  enters  the  purifier  where 
the  impurities  are  deposited  in  the  gravel  and  on  the  internal  surface 
of  the  purifier.  By  rotating  or  agitating  the  purifier  so  as  to  cause 
the  deposition  surfaces  to  rub  one  another  and  the  interior  of  the 
purifier,  the  impurities  are  broken  away;  then  they  are  removed  by 
flushing  or  any  other  convenient  method. 

The  grainer  usod  in  the  Alberger  process  is  a  circular  evaporating 
pan,  which  is  filled  with  brine  to  a  depth  of  about  1  foot.  Attached 
to  its  bottom  and  opening  into  it  at  a  point  on  its  periphery  is  a 
mixer,  into  which  the  salt  is  swept  from  the  bottom  of  the  graincr  by 
arms  and  scrapers  on  a  revolving  shaft.  Arms  on  another  shaft 
sweep  the  surface  of  the  brine  in  the  grainer  and  agitate  it  with 
*' flippers."  The  arms  and  scrapers  revolve  slowly  to  avoid  stirring 
the  contents  of  the  grainer  too  much  and  are  submerged;  the  flippers 
at  the  surface  revolve  more  rapidly.  Brine  is  fed  continuously. 
The  steam  pipes  in  the  grainer  are  supported  outside,  so  as  not  to 
interfere  with  the  operation  of  the  rakes. 

After  having  been  suitably  prepared  in  the  purifier  and  heated  to 
the  proper  temperature  (226®  F.),  the  hot  brine  spreads  over  the 
surface  of  the  grainer.  The  flippers  strike  the  salt  as  it  forms  in 
small  crystals  on  the  surface  of  the  brine  and  cause  it  to  fall  to  the 
bottom.  They  also  strike  a  dam  or  obstruction,  so  that  the  salt 
adhering  to  them  is  knocked  off.  The  arms  and  scrapers  revolving 
slowly  aid  the  circulation  of  the  brine  and  sweep  the  salt  as  it  forms 
from  the  center  to  the  periphery  of  the  grainer,  from  which  it  passes 
to  the  mixer  and  then  to  the  centrifuge,  where  it  is  pM*tly  dried.  If 
it  contains  no  insoluble  matter,  it  passes  to  the  steam  drier  and  then 
to  the  bolters  and  sifters,  where  it  is  finished  for  the  market. 

a  Williams,  H.,  Alberger,  J.  L.,  and  Alberger,  L.  R.,  U.  S.  Patent  400,983,  Apr.  9, 1889;  also  U.  8.  Pat- 
ent 351,062,  Oct.  19, 1886;  and  U.  S.  Patent  443,186,  Dec.  23, 1890. 
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PRACTICE   IN  NEW  YORK. 

The  brine,  from  the  well  goes  to  settling  tanks  (PI.  XI IT,  A), 
Then,  at  some  plants,  it  is  allowed  to  staad  24  hoxirs  to  allow  the 
escape  of  hydrogen  sulphide  aad  other  gases.  It  is  then  treated  with 
a  few  buckets  of  milk  of  lime  and  thoroughly  plimged,  after  which  it 
is  allowed  to  stand  1  to  3  days  or  even  longer,  the  length  of  time 
depending  on  the  demand  for  salt.  To  remove  the  excess  of  lime, 
soda  ash  is  added  at  some  plants  and  the  solution  again  allowed  to 
stand  24  hours  or  longer.  To  obtain  good  results  the  brine  is  then 
allowed  to  run  into  the  grainers  at  the  rate  at  which  evaporation 
takes  place  and  at  a  temperature  only  slightly  below  that  of  the 
brine  in  the  grainer.  The  brine  is  raised  to  this  temperature  outside 
the  graijiiers  in  preheating  tanks  (PI.  XIII,  S),  which  may  be  as  long 
and  as  wide  as  the  graiaers  but  are  usually  deeper  and  hence  of  greater 
capacity.  These  contain  steam  pipes  placed  a  foot  or  so  above  the 
floor  to  heat  the  cold  brine.  The  exhaust  steam  from  the  grainer 
pipes  is  the  usual  source  of  heat  but  ''tail  water" — hot  water  gath- 
ered from  other  sources  throughout  the  plant — ^may  also  be  used. 
Whenever  there  is  a  surplus  of  steam,  as  during  lifting,  direct  steam 
may  be  employed.  The  preheating  tanks  are  usually  in  the  grainer 
building  and  the  settling  tanks  outside. 

In  New  York,  grainers  100,  120,  125,  128,  and  140  feet  long  are  in 
use;  they  are  usually  12  feet  wide  and  20  to  24  inches  deep.  They 
are  provided  with  4  to  8  steam  pipes,  2i  to  5  inches  in  diameter,  hung 
on  pendants  so  that  their  tops  are  a  foot  or  less  from  the  bottom  of 
the  vat.  These  pipes  are  almost  as  long  as  the  vat  and  are  so 
arranged  that  the  salt  can  be  raked  to  the  outer  side  of  the  grainer. 

In  grainers  in  which  hand-lifting  is  employed  the  salt  is  shoveled 
from  the  grainer  to  a  platform  (PI.  XIV)  built  over  and  running 
lengthwise  of  the  middle.  Usually  salt  r^removed  from  such  grainers 
once  a  day  and,  after  having  drained  enough  is  carried  in  wheelbarrows 
to  the  storage  bins.  In  many  plants  the  salt  as  it  forms  is  contin- 
uously moved  by  mechanical  rakers  to  an  inclined  plane  or  "apron'* 
at  one  end  of  the  grainer,  from  which  the  bxilk  of  the  adhering  bittern 
flows  into  the  grainer  again.  Where  the  salt  is  removed  by  mechanical 
rakes  it  may  fall  on  a  revolving  belt,  and  be  conveyed  by  a  bucket 
elevator  to  the  storage  bins  without  manual  labor;  or  it  may  bo 
shoved  over  the  end  of  the  apron  onto  a  shelf  whence  it  is  removed 
in  wheelbarrows.  For  best  results  the  brine  should  be  kept  at  or 
near  the  boiling  point  while  the  salt  is  being  removed. 

To  keep  the  salt  at  the  highest  standard  particularly  if  it  is  intended 
for  table  or  dairy  \ise,  the  bittern  containing  the  chlorides  of  lime 
and  magnesium  must  be  removed  every  day,  every  other  day,  or 
every  third  day,  depending  on  the  quality  of  salt  that  is  being  made. 

98088**— 17 BuU.  146 6  "^ 
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As  the  bittern  contains  too  much  salt  to  be  allowed  to  go  to  waste  it 
is  discharged  into  another  set  of  grainers  known  as  "dividend" 
grainers,  which  are  heated  by  waste  or  exhaust  steam  and  ''tail- 
water."  Because  of  the  low  temperature  and  the  consequent  slow- 
ness of  crystallization  in  these  grauxers  the  salt  is  rather  coarse- 
grauxed  and  is  used  chiefly  for  meat  packing  and  refrigerating. 

Many  of  the  main  grainers,  from  which  salt  is  lifted  daily,  have  to 
be  cleaned  and  scaled  every  3  or  4  weeks,  though  some  are  scaled 
only  two  or  three  times  a  year.  The  frequency  of  cleaning  depends 
on  the  calcium  sulphate  (gypsum)  content  of  the  brine,  and  large 
amounts  of  calcium  sulpliate  are  common  in  the  brinec  of  New  York. 

PRACTICE   IN   MICHIGAN. 

DEVELOPMENT.  '^ 

For  descriptive  purposes  Michigan  may  be  divided  into  three  dis- 
tricts as  follows:  (1)  Western  part  of  the  Lower  Peninsula,  including 
Manistee,  East  Lake,  and  Ludington;  (2)  the  Saginaw  Valley,  includ- 
ing the  region  about  the  cities  of  Saginaw,  Bay  City,  Midland,  St. 
Charles,  and  Mount  Pleasant;  and  (3)  Detroit  and  to  the  north  and 
south  along  St.  Clair  and  Detroit  Rivers.  The  grainer  process  in 
this  State  does  jiot  differ  in  principle  from  that  in  New  York  though 
it  varies  in  details.  Both  the  grainers  from  which  the  salt  is  lifted 
by  hand  and  the  modem  mechanically  raked  grainers  are  in  use. 

Salt  making  in  Michigan  was  at  first  only  an  adjunct  of  lumber- 
ing— ^refuse  lumber  and  exhaust  steam  being  used  for  heat.  Now 
the  manufacture  of  salt  has  become  so  important  as  to  be  an  integral 
part  of  the  business,  though  it  is  still  a  side  issue  with  many  firms, 
and  some  firms  will  undoubtedly  discontinue  making  salt  as  lumber- 
ing declines.  In  general,  however,  the  manufactiire  of  salt  in  this 
part  of  Michigan  is  so  well  established  that  even  the  decline  in  the 
lumber  busiaess  is  not  likely  to  seriously  affect  it;  probably  it,  like 
other  industries,  will  adjust  itself  to  changed  conditions  and  will 
continue  to  thrive.  There  will  be  a  change  in  fuel  from  wood  to  coal, 
and  greater  economy  in  utilizing  heat. 

LUDINOTON-MANISTEE  DISTRICT. 

In  the  Ludington-Manistee  district,  which  includes  Manistee,  East 
Lake,  Filer  City,  and  Ludington,  more  mechanically  raked  grainers 
are  in  operation  than  those  from  which  the  salt  is  lifted  by  hand, 
and  at  some  plants  the  latter  type  of  grainer  serves  simply  as  a  com- 
plement of  the  other,  utilizing  available  waste  heat  and  making  a 
coarse  salt  for  which  there  is  good  demand. 

The  brine  near  Manistee  is  pumped  from  a  depth  of  approximately 
2,000  feet,  usually  by  means  of  air  lifts.  The  wells  at  Ludington  are 
reported  to  be  about  2,300  feet  deep.     The  ordinary  strength  of  brine 
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pumped  varies  from  90°  to  100°  salimeter.  At  some  of  the  plants  it 
rans  from  98°  to  100°  continuously  if  the  wells  are  not  crowded; 
otherwise  the  strength  may  decrease  to  97°  or  95°.  At  most  wells  the 
water  that  dissolves  the  salt  undergroimd  is  not  pumped  into  the  beds, 
as  in  some  other  fields,  but  flows  in  from  overlying  strata  as  brine  is 
pumped  out;  at  some  wells,  however,  the  water  is  forced  in. 

The  brine  flows  from  the  wells  through  troughs,  or  stands  in  tanks 
in  order  to  insure  elimination  of  hydrogen  sulphide.  It  then  passes 
through  the  settling  and  preheating  tanks  to  the  grainers. 

The  settling  tanks  in  the  first  set  differ  greatly  in  their  dimensions. 
At  some  plants  they  are  less  than  100  feet  long,  but  most  of  them  are 
100  to  160  feet  long.  They  are  usually  12  to  24  feet  wide,  a  width 
of  18  feet  being  common,  and  are  6  to  8  feet  deep.  The  preheating 
tanks  are  150  to  195  feet  long,  though  one  seen  by  the  writer  was  300 
feet;  they  are  10  to  15  feet  wide,  one  wider  having  been  noted;  and  are 
usually  6  to  8  feet  deep.  Some  are  constructed  of  concrete.  These 
tanks  are  provided  with  several  3-inch  or  4-inch  pipes,  through  which 
live  steam,  tail  water,  or  exhaust  steam  is  passed.  So  far  as  the  writer 
is  aware,  no  chemicals  are  used  to  prepare  the  brine  for  the  grainers, 
though  practice  may  have  changed  since  he  visited  the  field.  The 
brine  is  heated  usually  to  a  temperature  of  120°  to  160°  F.,  but  at 
some  plants,  especially  those  where  the  brine  is  weaker  than  usual, 
the  temperature  may  rise  to  175°  F.  In  places  four  days  are  con- 
sumed in  the  passage  of  the  brine  from  the  wells  to  the  grainers. 

The  grainers  are  heated  more  generally  by  exhaust  than  by  live 
steam.  Where  a  hand-lifted  dividend  grainer  is  a  minor  part  of  the 
establishment,  tail  water  or  exhaust  steam  is  generally  used  to  heat  it. 
The  grainers  are  usually  150  to  160  feet  long,  10  to  13.5  feet  wide, 
and  18  to  24  inches  deep.  They  are  fitted  with  6  to  8  and  sometimes 
9  or  even  10  galvanized-iron  steam  pipes,  usually  4  inches  in  diameter. 
Some  of  the  gramers  in  which  hand  liftmg  is  practiced  are  shorter 
than  those  mentioned,  but  their  width  and  depth  usually  fall  within 
the  lunits  given. 

The  grainers  make  60  to  75  barrels  of  salt  in  24  hours,  80  barrels 
being  a  maximum.  The  production  depends  on  so  many  variable 
factors  that  information  on  this  point  can  not  be  very  definite. 

SAOINAW  VALLEY  DISTRICT. 

In  the  Saginaw  Valley  district,  which  includes  Saginaw,  Bay  City 
Midland,  Mount  Pleasant,  and  St.  Charles,  brine  comes  from  different 
depths.  In  Saginaw  the  salt  wells  are  70D  to  900  feet  deep,  at  Bay 
City  about  1,000  feet,  and  at  St.  Charles  800  feet  deep.  At  Midland 
the  brine-bearing  horizon  is  approximately  1,200  to  1,300  feet  below 
the  surface,  and  at  Mount  Pleasant  the  brine  supply  at  one  well  lies 
between  1,408  and  1,463  feet  below  the  surface.     In  places  the  brine 
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is  somewhat  dilute,  its  salimeter  strength  varying  from  80*^  to  94®, 
100°  representing  complete  saturation  with  sodium  chloride.  It  is 
reported  that  the  brine  near  the  center  of  the  basin  registers  more 
than  100°  salimeter  on  accoimt  of  the  presence  of  calcium  and  mag- 
nesium salts^  that  are  more  soluble  than  common  salt. 

A  far  greater  number  of  wells  were  formerly  in  use  in  this  valley, 
especially  about  Saginaw  and  Bay  City.  If  all  wells  had  been  plugged 
when  abandoned,  little  fresh  water  would  have  reached  the  natural 
brine,  but,  according  to  information  received,  many  of  the  old  wells 
were  not  plugged,  and  consequently  the  natural  brine  has  been  greatly 
diluted  with  fresh  water  from  overlying  strata.  A  State  law  now 
makes  it  compulsory  to  plug  all  old  or  abandoned  wells. 

The  brines  of  the  Saginaw  Valley,  as  shown  by  the  analyses  given 
below  and  those  on  pages  81  and  82,  contain  considerable  bromine,  cal- 
ciimi,  and  magnesium.  The  bromine  and  the  calcium  chloride,  nuxed 
with  the  magnesium  chloride,  beside  the  salt,  are  obtained  at  various 
plants  in  the  district.  The  brine  at  the  Dow  Chemical  Co.'s  plant. 
Midland,  is  reported  to  contain  ammonium,  and  some  of  the  brines 
contain  ferrous  iron,  which  precipitates  as  basic  ferric  salts  on  ex- 
posiure  to  the  air  and  discolors  the  brine.  The  specific  gravity  and 
the  bromine  content  of  the  brine  increase  toward  the  center  of  the 
basin,  as  the  following  analyses  show: 

Analyses  ofnatwral  brines  of  Saginaw  Valley  y  Mich, 
[Analyst:  J.  C.  Graves,  manager  Saginaw  Chemical  Works.] 


Constituent. 


Sodium  chloride  (NaCl) grams  pa*  liter. 

Calcium  chloride  (CaCU) do. . . 

Magnesium  chloride  (MgCU) do. . . 

Bromine  (Br) do . . . 

Ferrous  chloride  (FeCli) do. . . 

Calcium  sulphate  (CaSO^) do. . . 

Ammonia  (NHs) do... 


Speciflc  gravity 


11.4 

11.4 

4.2 

.172 

.06 

.0104 


27.2424 
1.238 


14.7 
8.84 
8.15 
.13 
.045 


.023 


26.388 
1.220 


8 


22.6675 
1.182 


16.73 

ao6 

4.U 

28.70 

1.76 

9.M 

.0625 

.35 

.005 

Trace. 

Trace. 

34.04 
1.33 


1.  Brine,  Mount  Pleasant,  BOch. 

2.  Brine,  Midland.  Mich 

3.  Brine,  St.  Charles,  Mich. 

4.  Bittern,  St.  Charles,  BClch. 

Though  details  of  construction  and  operation  vary  widely  in  the 
region  around  Saginaw  and  Bay  City,  only  a  few  details  of  the 
manipulation  prior  to  evaporation  in  the  grainer  caU  for  specific 
mention.  After  the  brine  has  been  pumped  from  the  well  by  the. 
old-time  sucker-rod  and  -walking-beam  system,  or  by  the  more 
modem  methods,  effort  is  made  to  aerate  the  brine  thoroughly  in 
order  to  oxidize  and  precipitate  as  much  iron  as  possible.  This  is 
accomplished  by  plunging  the  brine;  that  is,  by  agitating  it  and  allow- 
ing it  to  stand  a  given  number  of  hoin^,  say  six  or  more — the  longer 
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the  better.  In  plants  where  this  preUminary  aerating  is  not  done 
the  brine  passes  directly  to  the  settling  tanks,  in  which  it  is  treated 
with  milk  of  lime  added  by  hand  or  automatically,  agitated,  and 
allowed  to  stand — ^usuaQy  from  12  to  48  hom«.  Where  the  storage 
capacity  is  exceptionally  large  the  brine  is  allowed  to  stand  in  the 
tanks  as  long  as  6  dajrs. 

The  timks  used  to  settle  the  brine  differ  greatly  in  size  and  con- 
struction. They  are  18  to  39  feet  long,  16  to  26  feet  wide,  and  5 
feet  to  6  feet  3  inches  deep;  their  capacity  ranges  from  less  than  2,000 
to  nearly  5,500  cubic  feet.  At  the  plant  of  the  Saginaw  Plate  Glass 
Co.  the  tanks  are  150  feet  long,  20  feet  wide,  and  7^  feet  deep,  with 
a  content  of  22,500  cubic  feet,  and  are  constructed  of  concrete,  the 
favored  material  in  recently  built  plants. 

From  the  settling  tanks  the  brine  passes  to  the  preheating  tanks, 
which  are  100  to  nearly  200  feet  long,  8  to  12  feet  wide,  and  5  to  6 
feet  deep.  Each  tank,  according  to  its  size,  is  provided  with  5  to 
10  steam  pipes,  3.5  to  4  inches  in  diameter.  Exhaust  steam  or  tail 
water  is  commonly  used  to  heat  the  brine,  and  the  solution  may  be 
raised  to  180°  F.  or  to  the  temperature  at  which  salt  begins  to  form 
before  it  goes  to  the  grainer.  This  is  not  the  practice  at  all  the 
plants.  At  the  Saginaw  Plate  Glass  Co.'s  plant  the  brine  goes  to  a 
second  preheater  where  exhaust  steam  raises  the  temperature  above 
that  in  the  first  preheater  where  tail  water  only  is  used. 

The  grainers  are  112  to  180  feet  long — 150  or  160  feet  being  perhaps 
the  conmionest  length,  8  to  12  feet  wide,  and  16  to  20  inches  deep. 
They  contain  5  to  8  feteam  pipes  3  to  Si  inches  in  diameter.  Tallow, 
com  oil,  or  some  similar  substance  is  used  to  "cut''  the  salt  crust  on 
the  surface  of  the  brine  in  the  grainer.  The  hand-lifting  process 
and  mechanical  rakers  are  both  in  use. 

There  is  great  divei^ence  in  the  quantity  of  salt  made  daily  in 
grainers  at  different  plants,  according  to  the  quantity  and  kind  of 
salt  desired,  the  volume  and  kind  of  steam  available,  and  finally 
whether  salt  making  is  considered  a  vital  part  of  the  establish- 
ments. Also  on  the  rapidity  of  manufacture  depends  the  number 
of  times  that  the  pipes  have  to  be  scaled,  but  this  also  depends  on 
the  proportion  of  gypsimi  in  the  brine,  which  appears  to  vary  more 
than  might  naturally  be  expected.  Some  firms,  of  course,  may  be 
more  economical  of  heat  than  others  and  remove  the  gypsum  from 
the  grainer  pipes  oftener. 

DETROIT  DISTRICT. 

The  Detroit  district  includes  all  the  salt^making  establishments  in 
the  southeastern  part  of  the  Lower  Peninsula  of  Michigan;  that  is, 
those  in  the  suburbs  of  Detroit,  those  southward  on  Detroit  River 
at  Del  Ray,  E^corse,  and  Wyandotte,  and  those  north  along  St. 
Clair  River  at  Port  Huron,  St,  Qair,  and  Marine  City, 
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In  this  district  as  a  whole,  the  salt-bearing  rocks  contain  more 
than  one  salt  bed,  and  at  different  places  brine  is  obtained  from 
different  beds,  though  in  general  the  salt-bearing  rocks  lie  at  pro- 
gressively increasing  depths  northwest  from  Trenton  through  Detroit, 
Marine  City,  St.  Clair,  and  Port  Huron. 

The  brine  is  raised  by  air  lifts  and  by  forcing.  In  the  latter  system 
the  water  is  forced  down  the  outer  pipe  or  casing  and  the  brine 
flows  out  of  the  inner  pipe  or  tubing.  At  one  plant  imdei^round 
solution  of  a  salt  bed  has  gone  so  far  that  as  many  as  four  wells 
communicate  freely.  Some  operators  claim  that  the  hydraulic  pres- 
sure system  is  more  satisfactory  than  the  air-lift  system.  The  brine 
as  pumped  is  said  to  be  fully  saturated  at  most  plants.  ^ 

Usually  the  brine  is  treated  in  settling  tanks  with  milk  of  lime. 
The  brine  may  be  ''limed"  mechanically  as  it  is  pimiped  into  the 
storage  tanks  or  the  milk  of  lime  may  be  added  by  the  old-fashioned 
hand  method.  Then  the  solution  is  plimged.  After  treatment  with 
lime,  plunging  from  time  to  time,  and  standing  several  days,  the 
solution  goes  to  the  preheating  tanks.  The  settling  tanks  usually  are 
30  to  180  or  even  200  feet  long,  10  to  20  feet  wide,  and  7  to  9  or  10  feet 
deep.  In  capacity  they  range  from  little  more  than  2,500  to  more 
than  25,000  cubic  feet.  The  preheating  tanks  are  generally  heated 
with  exhaust  steam,  but  some  are  heated  with  condenser  water. 

Both  mechanical  and  hand-raked  grainers  are  in  common  use, 
especially  the  WUlcox  tjrpe  of  mechanical  raker  or  a  modification  of  it. 
Cement-lined  wooden  or  steel  grainers  are  used  as  well  as  the  regular 
wooden  type.  The  grainers  are  100  to  150  feet  long,  12  feet  wide,  and 
20  to  24  inches  deep.  They  are  usually  equipped  with  SJ-inch  or 
4-inch  galvanized-iron  steam  pipes,  but  those  at  one  plant  have  ordi- 
nary iron  pipes  coated  with  whitewash,  which  does  not  contaminate 
the  salt  by  falling  off,  because  it  is  baked  and  thoroughly  hardened 
by  passing  steam  through  the  pipe  befbre  salt  making  starts.  White- 
washed pipes  shed  gypsimi  more  readily  in  scaling.  The  grainers  at 
one  plant  where  they  are  heated  with  direct  steam  are  V-ahap©d, 
being  18  inches  wide  across  the  bottom  and  12  feet  wide  across  the  top. 
They  are  8  feet  deep  and  about  100  feet  long.  As  the  salt  forms  it  is 
scraped  from  the  bottom  by  an  endless-chain  raker  or  hoe  and  is 
dmnped  into  a  trough  by  a  pushing  device  like  that  ordinarily  used 
in  the  Willcox  raker. 

PRACTICE   IN   NORTHEASTERN   OHIO. 

The  centers  of  salt  manufacture  in  northeastern  Ohio  are  Cleveland, 
Cuyahoga  Coimty;  Wadsworth,  Medina  County;  Akron  (Kenmore), 
Summit  County;  and  Rittman,  Wayne  County.  Brines  are  utilized 
in  the  manufacture  of  soda  products,  but  not  of  salt,  at  Barberton, 
Summit  Coimty,  and  at  Fairport  Harbor,  Lake  County. 
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In  this  region  the  hydraidic-preasnre  method  of  lifting  brine  is  used. 
Some  operators  claim  that  the  method  gives  a  stronger  solution  and 
is  easier  on  machinery  than  the  air  lift.  At  some  of  the  plants,  how- 
ever, the  brine  is  raised  by  air  lifts.  At  one  plant  a  combination 
method  is  used,  the  brine  being  forced  to  within  800  feet  of  the  surface 
by  hydraulic  pressure  and  the  rest  of  the  way  by  air  lift.  The  brine 
as  pumped  varies  in  strength  from  94^  to  100°  salimeter,  some  of  the 
firms  aiming  to  procure  brine  slightly  below  complete  saturation  to 
avoid  the  pipes  becoming  stopped,  as  sometimes  happens  in  piunp- 
ing  a  fully  saturated  solution. 

At  some  plants  the  brine  is  treated  with  milk  of  lime  in  storage  tanks 
but  this  practice  has  not  been  necessary  at  all  places.  At  one  plant 
the  lime  is  forced  into  the  wells  with  the  water  and  the  resulting  brine 
is  said  to  be  much  clearer.  In  addition,  lime  is  added  to  the  brine 
in  the  settling  tank,  but  as  a  result  of  the  preliminary  imdergroimd 
treatment  the  impurities  settle  more  rapidly.  The  capacity  of  the 
settling  tanks  is  8,000  to  14,500  cubic  feet. 

As  a  rule  the  majority  of  the  grainers  at  a  given  plant  are  worked 
more  rapidly  than  the  rest;  usually  the  rapidly  operated  grainers  are 
heated  by  hve  steam  and  the  slowly  operated  ones  by  the  exhaust 
from  them,  or  the  rapidly  operated  grainers  are  heated  by  exhaust 
steam  and  the  others  by  tail  water.  Grainers  in  which. the  salt  is 
lifted  mechanically  and  those  in  which  it  is  lifted  by  hand  are  in  use, 
but  at  any  given  plant  the  latter  are  usually  fewer  and  are  heated 
with  exhaust  steam  or  tail  water.  These  arrangements  are  made  in 
order  to  utilize  aU  available  heat  and  make  a  grade  of  salt  that  is 
always  in  demand. 

The  grainers  are  made  of  iron,  of  iroji  lined  with  cement,  or  of  wood 
lined  with  cement.  Their  lengths  range  from  80  to  150  feet,  their 
widths  from  10  to  14  feet,  and  their  depths  from  22  to  24  inches. 

FORMER  PRAOnCB  AT  PITTSBURGH,  PA. 

The  John  A.  Beck  Salt  Co.,  Pittsburgh,  Pa.,  when  in  existence, 
used  grainers.  The  natural  brine,  obtained  at  a  depth  of  approxi- 
mately 1,400  feet  and  raised  by  sucker-rod  pimiping,  had  a  specific 
gravity  of  9°  B.  After  the  impurities  were  precipitated  by  lime  in 
the  storage  tanks  the  brine  was  concentrated  in  cylindrical  boilers  at 
boiling  temperature  to  a  specific  gravity  of  16°  B.  The  brine  then 
flowed  by  gravity  to  four  settling  tanks,  in  the  first  of  which  lime  was 
used.  After  standing  in  the  settling  tanks  about  f oiu:  days  and  being 
concentrated  to  a  strength  of  20°  B.  (specific  gravity  1.16),  the  brine 
went  to  the  grainers. 

Each  grainer  was  independent  of  the  others;  was  140  feet  by  9  feet 
by  18  inches;  and  was  fitted  with  three  4-inch  copper  pipes,  through 
which  the  steam  passed.  The  salt  was  lifted  by  hand  to  a  central 
platform,  150  barrels  being  lifted  from  each  grainer  every  24  hours. 
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The  bittern  was  utilized  in  the  manufacture  of  bi^omine.  The  grainere 
were,  with  a  single  exception,  quick-acting,  and  the  brine  actually 
boiled  in  them. 

PRACTICE   IN   KANSAS. 

Salt  is  made  by  the  grainer  process  at  Hutchinson,  Reno  County; 
Anthony,  Harper  County;  and  at  Lyons,  Rice  County;  also  formerly 
at  Sterling,  Rice  County;  and  Ellsworth,  Ellsworth  County.  In 
Kansas,  Hutchinson  is  the  chief  center  of  salt  making  by  evaporative 
processes,  including  in  this  term  the  open-pan,  grainer,  and  vacuum- 
pan  methods.  Some  of  the  plants  in  Kansas  are  designed  solely  for 
salt  making,  but  others  are  designed  for  manufacturing  salt  in  con- 
jimction  with  other  products,  such  as  ice. 

In  the  vicinity  of  Hutchinson  and  Sterling  the  fresh  water  for  dis- 
solving the  salt  comes  from  the  imderflow  of  Arkansas  River.  This 
underflow  contains  dissolved  mineral  matter,  so  that  some  of  the 
impurities  in  the. bitterns  come  from  it.  The  water  used  in  dis- 
solving the  salt  at  Ellsworth  came  from  deep  wells. 

The  brine  is  raised  by  hydraulic  lift,  and  pumped  into  the  storage 
tanks.  As  a  rule  the  brine  is  not  treated  with  lime  or  soda  ash. 
Exhaust  steam  is  generally  used  for  preheating  the  brine  before  it 
goes  to  the  grainers. 

Grainers  of  both  hand-hft  and  mechanical-rake  types  are  in  use. 
They  are  constructed  of  steel  or  cement,  range  in  length  from  90  to 
180  feet,  in  width  from  11  to  14  feet,  and  in  depth  from  18  to  20 
inches,  and  are  heated  with  live  or  exhaust  steam.  In  some  plants 
the  grainer  pipes  are  coated  with  whitewash  and  heated  prior  to 
making  salt,  thus  making  the  subsequent  scaling  easier.  Grainers 
are  scaled  at  intervals  of  10  to  30  days.  At  some  plants  a  little 
butter  or  oil  is  used  to  break  the  crust  of  salt  as  it  forms  and  thus  to 
hasten  crystallization.  The  plants  are  equipped  to  bum  gas,  but 
crude  oil  is  used  when  no  gas  is  available. 

PRACTICE  IN   TEXAS. 

Several  plants,  situated  at  Palestine,  Anderson  County,  and  at 
Grand  Saline,  Van  Zandt  County,  produce  all  the  salt  resulting  from 
the  artificial  evaporation  of  brine  in  Texas. 

The  rock  salt  is  dissolved  underground,  and  the  resulting  brine  is 
raised  to  the  surface  by  air  lifts.  The  brine  is  treated  with  milk  of 
Ume  in  the  storage  tanks.  Most  of  the  grainers  have  mechanical  de- 
vices for  lifting  the  salt,  but  hand  labor  is  used  at  a  few.  The  grain- 
ers are  built  of  steel  alone  or  of  concrete  or  cement  lined  with  tile. 
Lengths  range  from  75  to  150  feet,  but  most  grainers  are  12  feet  wide 
and  22  inches  deep,  the  depth  of  the  brine  in  them  approximating  18 
inches.  Rakers  with  chain  attachment  are  used  at  one  plant.  Oil 
is  used  at  some  plants  to  cut  the  grain  of  the  salt.  At  Grand  Saline 
the  fuel  is  lignite,  obtained  9  miles  away,  at  Alba. 
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PRACTICE  IN  WEST  VIRGINIA  AND  SOUTHERN  OHIO. 
I  SALT-MAKING   CENTERS. 

Salt  is  made  from  natural  brines  at  Maiden,  Kanawha  County,  at 
Mason  and  Hartford,  Mason  County,  W.  Va.,  and  across  Ohio  River 
from  the  latter  towns  aroimd  Pomeroy,  Meigs  County,  Ohio,  The 
peculiar  treatment  of  the  brines  at  these  localities  deserves  special 
description. 

The  composition  of  these  brines  is  shown  by  analyses  13  to  17  in 
the  table  on  page  82. 

PECULIARITIES  OF  BRINE. 

Barium  salts  are  present  in-  the  natural  brines  along  the  Ohio 
River.  Such  salts  are  not  known  in  appreciable  quantities  in  any 
other  natural  brines.  These  salts  are  now  carefully  removed  by 
precipitation  with  salt  cake  before  the  salt-making  process  begins.** 
Also,  the  Ohio  River  brines  differ  from  the  great  majority  of,  if  not  all 
other,  natural  and  artificial  brines  in  being  practically  free  from  sul- 
phate of  lime.  In  the  evaporation  thin  copper  pipes  are  used  in  the 
different  settlers  and  grainers.  Were  gypsum  present,  it  would  settle 
on  these  pipes  and  they  would  quickly  be  ruined  by  the  hammering 
required  to  loosen  it.  The  absence  of  sulphate  of  lime  also  is  said 
to  account  for  the  salt  not  hardening. 

PRETREATMBNT  IN   MUD  SETTLERS. 

In  the  vicinity  of  Mason,  W.  Va.,  the  wells  are  approximately 
1,100  feet  deep,  and  the  brine  is  pumped  by  the  air-lift  method  from 
a  depth  of  500  to  600  feet.  The  strength  of  the  brine  is  8°  B.  (spe- 
cific gravity  1.058  at  60*^  F.).  The  brine  goes  to  storage  tanks,  and 
from  them  to  the  heating  tank.  This  is  70  by  10  by  2  feet  and  is 
divided  into  three  compartments,  through  which  the  brine  mixed 
with  milk  of  lime  is  circulated  for  the  purpose  of  wanning  and 
clarifying  it.  Instead  of  milk  of  lime,  almn  may  be  used  as  a 
precipitant.  The  brine  is  not  concentrated  in  the  heating  tank,  and 
has  actually  a  lower  specific  gravity  on  leaving  than  on  entering  the 
tank  because  of  its  higher  temperature. 

The  furnace  pans  are  arranged  in  four  batteries  or  sections,  and  the 
brine  is  heated  by  means  of  refuse  coal  frotoi  mines  near  the  plant. 
The  firing  is  usually  done  under  one  section  of  the  fiimace  pans. 
Each  of  the  first  three  sections  contains  10  pans  bolted  together; 
each  pan  is  8  feet  long  and  3  feet  wide,  with  ends  less  than  a  foot 
high,  and  sides  not  quite  as  high  as  the  ends,  except  that  the  two 
end  pans  have  one  side  as  high  as  the  ends  of  an  inside  section,  these 

«  Skinner,  W.  W.,  and  Baughman,  W.  F.,  The  removal  of  barium  from  brines  used  in  the  manufacture 
of  salt:  Jour.  Ind.  and  Eng.  Chem.,  vol.  9,  Jan.,  1917,  pp.  18-26. 
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sides  forming  the  ends  of  the  section.  Each  section  is  thus  practi- 
cally a  single  pan  30  feet  long;  8  feet  wide,  and  shghtly  less  than  a 
foot  deep,  with  low  transverse  partitions.  The  fourth  section  is  a 
single  pan  of  the  same  dimensions,  but  without  transverae  partitions. 
Above  the  heating  pans  is  a  steam  chest,  and  the  low-pressure  steam 
from  the  boilingbrine  in  the  pans  fumkhes  the  heat  for  the  subse- 
quent  evaporating  in  the  mud  and  draw  settlers  and  in  the.grainers. 
Copper  pipes  convey  the  brine  from  one  section  to  another,  and  log 
and  iron  pipes  convey  the  steam  from  the  steam  chest  to  the  settlers 
and  the   grainers. 

The  heated  brine  flows  from  the  furnace  pans  to  three  mud  settlers, 
each  130  by  10  by  2.5  feet  and  provided  with  two  5-inch  copper 
pipes.  The  brine  runs  into  one  end  pf  the  first  settler  and  circulates 
round  a  central  partition,  leaving  the  first  settler  with  a  strength  of 
16°  B.  (specific  gravity,  1.124)."  In  like  manner,  the  brine  circulates 
through  the  second  and  third  mud  settlers,  leaving  the  latter  with  a 
strength  of  18°  B.  (specific  gravity,  1.142).  Alum  is  added  in  Uie 
first  mud  settler  to  help  clarify  the  brine,  and  a  mud  or  sludge  con- 
taining iron  oxide  separates  in  these  settlers. 

From  the  mud  settlers  the  brine  goes  to  two  draw  settlers,  each 
measuring  130  by  12  by  4  feet  and  having  four  5-inch  copper  pipes. 
In  general  the  brine  circulates  continually  through  the  draw  settlers, 
but  can  stand  in  them  until  it  reaches  a  concentration  of  21°  to  22°  B. 
At  some  plants  the  brine  does  not  pass  -through  both  draw  settlers 
but  is  concentrated  in  one  of  them  and  passes  thence  to  the  grainers. 

The  brine  passes  through  the  grainers  in  succession  as  the  bittern 
increases  in  strength.  There  are  seven  grainers  in  series  at  the  plant 
described.  When  the  salt  is  ready  to  be  lifted,  that  in  the  last 
grainer,  the  one  farthest  from  the  draw  settlers,  is  lifted  first,  after 
the  bittern-  has  been  removed  to  the  bromine  plant.  The  bittern  in 
the  next  preceding  grainer  is  allowed  to  run  into  the  last  grainer  and 
the  salt  in  that  grainer  is  then  removed,  and  so  on.  Then  the  first 
grainer  is  filled  from  the  draw  settlers  and  the  operation  is  repeated. 
As  a  result  of  this  procedure  the  best  salt  comes  from  the  first 
grainer  and  the  poorest  from  the  last.  Tallow  is  used  to  cut  the  grain 
of  the  salt  and  to  hasten  granulation.  The  salt  is  lifted  once  in  24 
hours,  the  period  of  formation  being  about  18  hours. 

The  grainers  at  this  plant  are  of  three  different  types:  (1)  Cement 
with  tile  floor,  (2)  wood  with  cement  bottoms  and  tile  floor,  and 
(3)  wood  with  tile  floors.  The  grainers  usually  contain  three  or 
four  copper  pipes  5  inches  in  diameter.  The  salt  was  formerly  lifted 
by  hand  onto  wooden  platforms  (see  PI.  XIV),  but  it  is  now  mechan- 
ically raked.    At  other  plants  the  grainers  have  mechanical  rakers 

a  To  convert  Baaing  degrees  to  specific  gravity  the  following  formula  is  correct  at  60*  F:  Specific  gravity 

144  3 

rrro  *5-i-*    All  the  specific  gravities  mentioned  subsequently  are  assumed  as  at  00*  F. 
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driven  by  brass  chains  on  brass  cog  wheels.  Where  the  latter  are 
used  each  grainer  is  independent  and  is  thoroughly  cleaned  about 
every  six  days;  the  bittern  goes  to  a  refuse  grainer  in  which  it  is 
concentrated  to  the  strength  requisite  for  the  bromine  plant.  The 
salt  made  in  the  refuse  grainers  is  low  grade,  but  finds  a  market. 

PRETREATMBNT  BY  FILTRATION. 

The  brine  from  the  wells  at  Pomeroy,  Ohio,  which  has  a  strength 
of  about  11°  B.  (specific  gravity,  1.083),  is  pumped  into  two  circular 
storage  vats;  then  it  flows  into  a  heating  tank,  where  it  is  heated  luke- 
warm by  steam  from  the  evaporator.  The  heating  tank  is  40  by  8 
by  2  feet  and  is  divided  into  three  compartments. 

The  brine  next  goes  to  an  inclosed  evaporator,  where  it  is  boiled  and 
concentrated  to  15°  B.  (specific  gravity,  1.12.5)  chiefly  by  the  exhaust 
steam  from  the  engines,  the  steam  from  the  boiling  brine  being  used 
to  concentrate  the  brine  in  the  settlers  and  grainers.  It  then  goes 
to  a  tank,  20  by  6  by  8  feet,  from  which  it  is  pimiped  to  two  filtering 
tanks.  Each  of  these  is  8  feet  deep  and  15  feet  in  diameter,  and  is 
filled  with  sand.  One  is  used  while  the  other  is  being  cleaned;  and 
one  is  cleaned  daily.  Fresh  water  is  forced  upward  through  the  sand. 
The  wash  water  is  wasted. 

From  the  filtering  tanks  the  brine  runs  to  the  two  mud  settlers, 
which  are  90  by  12  by  3  feet  and  have  three  5-inch  copper  pipes  for 
steam.  The  brine  leaving  the  second  mud  settler  has  a  concentration 
of  18°  B.  (specific  gravity,  1.142),  and  is  concentrated  in  a  third 
settler  to  a  strength  of  19°  B.  (specific  gravity,  1.151).  Thence  the 
brine  passes  to  the  two  draw  settlers,  which  are  160  by  12  by  5  feet 
and  are  provided  with  copper  steam  pipes.  Each  of  these  is  inde- 
pendent of  the  other,  and  furnishes  its  own  quota  of  brine  at  24°  B. 
(specific  gravity,  1.2)  to  the  grainers.  There  are  six  grainers,  count- 
ing the  one  that  contains  the  bittern  for  the  bromine  plant.  Salt  is 
made  in  the  grainers  for  6  days  and  at  the  end  of  the  sixth  day  each 
grainer  is  emptied,  the  liquor  going  to  the  last  or  bitter-water  grainer, 
in  which  it  is  concentrated  to  39°  B.  (specific  gravity,  1.37)  for  the 
bromine  plant.  The  salt  is  removed  from  the  grainers  mechanically 
with  rakers  on  an  endless  chain. 

TREATMENT  AT  MALDBN,   W.   VA. 

At  Maiden,  W.  Va.,  the  brine  has  an  average  strength  of  8*^  B. 
(specific  gravity,  1 .059)  as  it  comes  from  the  wells.  It  is  pimiped  to 
a  storage  tank  measuring  50  by  25  by  4  feet,  whence  it  passes  to  the 
preheating  tank.  There  it  is  heated  with  steam  from  the  evapo- 
rators to  160°  F.  From  the  preheating  tank  the  brine  passes  to  three 
evaporators,  two  of  which  measure  30  by  12  feet  by  14  inches,  and 
the  third  45  by  12  feet  by  14  inches.     Natural  gas  and  slack  coal  are 
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the  fuels.    The  brine  from  the  evaporators  has  a  strength  of  11*^  B. 

(specific  gravity,  1.083)  at  boiling  temperature  and  goes  to  the  mud 

settlers.    The  first  and  second  of  these  measure  160  by  10  by  2  feet 

and  are  divided  into  two  compartments,  each  containing  a  5-inch 

copper  pipe.    The  third  and  fourth  settlers  are  160  by  12  by  2  feet 

and  are  divided  into  three  compartments,  each  containing  a  5-inch 

copper  pipe.    All  are  made  of  wood. 

The  brine  leaves  the  several  settlers  at  concentrations  of  15*^  B. 

(specific  gravity,  1.116)  at  160^  F.,  17*"  B.  (specific  gravity,  1.143) 

at  approximately  the  same  temperature,  19®  B.  (specific  gravity, 

1.151),  and  21®  B.  (specific  gravity,  1.170);  then  it  goes  to  the  draw 

settler,  a  cement-lined  wooden  frame  160  feet  long  by  12  feet  wide  by 

2.5  feet  deep,  provided  with  three  5-inch  copper  pipes.     In  it  the 

brine  reaches  a  concentration  of  23 ®  B.  (specific  gravity,  1 . 1 90) .    From 

the  draw  settler  the  brine  goes  to  the  five  grainers,  through  which  it 

circTilates  in  seriesv    The  salt  is  lifted  by  hand.    Two  of  the  grainers 

are  built  of  wood  lined  with  tile,  and  three  are  built  of  cement.    Each 

measures  160  by  10  feet  by  18  inches.     As  the  brine  passes  from  one 

grainer  to  another  its  specific  gravity  gradually  increases  from  24.5® 

to  26.5®  B.  (specific  gravity,  1.204  to  1.225)  in  the  first  to  32®  to  36®  B. 

(specific  gravity,  1.284  to  1.332)  in  the  last.     From  the  last  grainer 

the  bittern  flows  to  a  reservoir  to  cool  before  entering  the  bromine 

plant. 

BECOVEBT  OF  BBOKIITE. 

• 

Where  bromine  is  obtained  from  bitterns  resulting  from  the  manu- 
facture of  salt,  it  may  be  said  to  be  an  adjunct  of  the  grainer  process 
of  salt  making.  For  this  reason  it  has  been  thought  best  to  describe 
bromine  recovery  in  this  place.  It  must  be  remembered,  however, 
that  a  large  part  of  the  bromine  produced  as  such  or  in  the  form  of 
bromides  in  the  United  States  is  not  connected  with  salt  manufacture. 

HISTORY. 

Bronoine  manufacture  in  the  United  States  dates  back  to  approxi- 
mately the  middle  of  the  nineteenth  centiuy.  U.  S.  Patent  12077, 
issued  to  Amalie  Stieren  of  Natrona,  Pa.,  Dec.  12,  1854,  and 
reissued,  describes  an  **  improved  process  of  treating  the  mother 
water  of  salines  to  obtain  useful  products."  It  describes  operations 
for  obtaining  magnesiimi  sulphate,  iodine,  and  bromine  from  the 
bitter  water  of  saline  springs. 

This  patent  was  followed  by  others  in  the  sixties  issued  to  persons 
Uving  at  Freeport,  Pa.,  and  to  persons  living  at  Hartford  CSty, 
W.  Va.,  Pomeroy,  Ohio,  1873;  Clifton,  W.  Va.,  1873;  Mason  City, 
W.  Va.,  1875;  Allegheny  City,  now  a  part  of  Pittsburgh,  Pa.,  1887; 
and  Midland,  Mich.,  1891.    Thus  the  early  inventions  serve  in  part 

ks  a  geographical  index  of  the  locaUties  where  natural  bromine-bearing 

)rine6  are  known  in  the  United  States. 
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PBODTJCnON  CBNTEBS. 

Bromine  is  now  made  in  Michigan  at  Saginaw  and  St.  Charles, 
Saginaw  County;  at  Bay  City,  Bay  Coimty;  at  Midland,  Midland 
Coimty;  and  at  Mount  Pleasant,  Isabella  County.  At  Midland  and 
Mount  Pleasant,  the  bulk  of  the  bromine  ia  not  marketed  as  the 
element,  but  in  the  form  of  sodiima,  potassium,  ammonium,  and 
other  bromides.  In  the  Ohio  Valley,  bromine  is  also  made  at  Pome- 
roy,  Meigs  County,  Ohio,  and  opposite  Pomeroy  at  Mason  and  Hart- 
ford, Mason  Coimty,  W.  Va.  Maiden,  Kanawha  County,  on  the 
Kanawha  River,  a  short  distance  above  Charleston,  is  also  the  site 
of  a  bromine  industry.  Until  within  a  few  years  bromine  was 
recovered  at  Pittsburgh,  Pa.,  but  the  weakening  of  the  brine  stopped 
the  work. 

At  most  of  the  localities  mentioned  above,  possibly  at  all  except 
Midland,  Mich.,  bromine  is  made  in  connection  with  the  manufaciure 
of  salt  and  calciimi  chloride.  In  Ohio,  West  Virginia,  and  in  the  Sagi- 
naw Valley  outside  of  Midland  and  Moimt  Pleasant,  the  salt  is  first 
removed  from  the  natural  brine,  and  subseqifently  the  bromine  and 
the  calcium  chloride,  the  former  by  chemical  means,  sulphuric  acid 
and  an  oxidizing  agent  being  employed.  In  Midland  and  Mount 
Pleasant  different  methods  of  manufacture  are  employed. 

Analyses  of  bromine-bearing  brines  are  shown  in  the  table  fol- 
lowing: 
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COMMENTS  ON  THE  INDTTSTBY. 

The  usual  type  of  bromine  plant,  one  involving  salt  wells  and  salt- 
making  apparatus,  has  survived  in  the  United  States  only  by  virtue 
of  exceptional  economic  conditions.  Cheap  coal  or  other  fuel  and 
distance  from  competing  centers  have  doubtless  -been  factors. 

Bromine  is  made  from  natural  brines  that  are  not  of  the  same 
purity  as  the  artificial  brines,  so  called,  from  which  salt  is  made  in 
New  York,  northern  Ohio,  and  along  the  Detroit  and  St.  Clair 
Rivers  in  Michigan.  The  natural  brines  are  not  so  satiu^ated  as 
those  obtained  by  dissolving  rock  salt,  hence  they  require  more  heat 
for  evaporation.  In  places  the  evaporating  apparatus  for  natural 
brine  has  also  involved  the  use  of  copper  and  bra^s  instead  of  iron, 
which  is  used  in  the  evaporating  equipment  for  artificial  brines. 
For  these  reasons  and  others  competition  with  salt  made  from  rock 
salt  has  in  the  course  of  years  grown  more  severe,  and  the  salt  and 
bromine  industry  along  the  Ohio  and  Kanawha  Rivers  and  in  the 
Saginaw  Valley  has  steadily  diminished. 

Without  doubt,  imder  the  conditions  existing  before  the  war  in 
Europe  began,  there  was  an  oversupply  of  bromine  readily  available 
in  the  world's  market,  and  prices  were  so  low  that  certain  bromine 
manufacturers  were  compelled  to  store  their  product  to  wait  for 
higher  prices. 

Much  bromine  is  found  in  connection  with  the  potash  salts  deposits 
at  Stassf urt,  Germany.  The  bromine  is  said  to  occur  in  the  form  of 
brom-carnallite  (MgBrjKBr.eHjO)  isomorphous  with  ordinary  car- 
nallite.  Although  the  German  deposits  furnish  more  than  half  of  the 
world's  supply  of  this  commodity,  much  German  bromine  has  gone 
to  waste  and  new  uses  have  been  urgently  sought  for  it.  The  sum  of 
$2,500  has  been  offered  by  the  Deutsche  Bromkonvention  Gesellschaf  t, 
Leopoldshall-Stassfurt,  to  the  discoverer  of  a  process  or  compound 
leading  to  a  new  or  increased  consmnption  of  bromine.  The  terms  of 
the  reward  were  that  the  discovery  should  represent  a  technical  inno- 
vation and  not  adversely  affect  existing  uses  of  bromine.  The  process 
should  also  lead  to  a  considerable  increase  in  the  European  consump- 
tion of  bromine.** 

Bromine  manufacture  in  the  United  States  has  undergone  many 
spectacular  changes  since  the  European  war  began.  Before  the  war 
low  prices  of  bromine  had  compelled  some  manufacturers  to  store 
their  product.  When  the  supply  of  bromine  from  Germany,  and 
especially  the  supply  of  bromides,  was  cut  off,  the  domestic  facilities 
could  not  supply  the  American  demand,  and  prices  soared.  In  a 
comparatively  short  time  conditions  changed,  and  this  country  with- 
out doubt  can  now  supply  its  own  requirements. 

o  Journal  of  Industrial  and  Engineering  Chemistry,  Wanted:  New  uses  for  bromine,  vol.  5,  September, 
1913,  p.  780. 
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While  tihe  demand  was  greatest,  many  new  producers  entered  the 
field,  and  as  a  result  there  were  adjustments  in  the  industry.  Now 
the  effects  of  the  larger  f acihties  are  being  felt.  Most  of  the  smaller 
concerns  that  entered  the  industry  at  the  beginning  of  the  war  have 
been  well  paid,  however,  for  their  trouble.  Most  of  the  changes  in  the 
industry  have  taken  place  in  the  Saginaw  Valley,  Mich.,  one  of  the 
few  important  bromine-producing  fields  in  the  United  States. 

One  of  the  readjustments  since  the  war  broke  out  is  that  of  the 
many  plants  making  salt  in  the  vicinity  of  Saginaw,  Midi. ;  a  few  firms 
only  now  make  bromine.  These  buy  all  the  mother  liquor  pro- 
ciu-able  from  the  salt  concerns  that  do  not  utilize  it.  Thus  tib.e  manu- 
facture of  bromine  and  calcium  chloride  from  the  mother  Uquor  is 
now  carried  on  at  a  comparatively  few  plants  and  the  mother  liquors, 
such  as  were  lai^ely  wastckl  four  or  five  years  ago,  are  now  all  being 
utilized. 

METHODS  OF  HAKINO  BBOMINE. 

Bromine  forms  chemical  compounds  in  natural  brines,  but  is 
present  only  in  small  proportion,  as  the  table  of  analyses  on  page  82 
indicates.  In  these  brines  it  is  always  associated  with  other  salts, 
the  principal  ones  being  the  chlorides  of  sodium,  magnesium,  and 
calcium.  Generally  bromine  is  obtained  from  the  mother  liquors 
that  result  from  the  crystallization  of  salt  from  brines,  but  at  Mi(Uand 
and  Moimt  Pleasant,  Mich.,  the  Dow  Chemical  Co.  extracts  bromine 
from  imconcentrated  brine. 

There  are  at  least  three  standard  methods  employed  in  making 
bromine.  At  least  two,  and  possibly  the  entire  three,  are  now  in 
use  in  the  United  States.  They  are  known  as  (1)  the  periodic  or 
intermittent  process,  (2)  the  continuous  process,  and  (3)  the  electro- 
lytic process. 

PEBIODIG  OB  INTEBMrrXENT  PBOCESS. 

The  periodic  or  intermittent  process  of  making  bromine  is  in  use 
along  the  Ohio  River  in  Ohio  and  West  Virginia,  at  Maiden,  W.  Va., 
and  at  Bay  City,  St.  Charles,  and  Saginaw,  Mich.  The  standard 
practice  along  the  Ohio  River  may  be  taken  as  typical. 

PRODUCTION  OF  BROMINE  IN  OHIO  AND  WEST  VIRGINIA  BY  INTERHITTBNT  FROCES8. 

In  southern  Ohio  and  West  Virginia,  after  the  removal  of  the  bulk 
of  the  salt  in  the  main  grainers,  the  bittern  in  the  last  grainer  is  further 
concentrated  to  the  strength  desired  for  entry  to  the  bromine  still — 
usually  to  39*"  to  41®  B.  (specific  gravity,  1.370  to  1.397  at  its  highest 
temperatiu'e). 

The  bromine  still  is  made  of  sandstone.  Though  a  local  sandstone 
is  used  at  one  plant,  a  sandstone  from  Buena  Vista,  near  Portsmouth, 
Ohio,  seems  to  be  in  general  use,  and  it  is  said  to  be  practically  free 

98088**--17 Bull.  146 7 
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from  iron  oxide  and  of  dose  texture^  a  combination  oi  chemical  and 
physical  properties  that  well  adapts  it  for  the  purpose.  Stills  are 
built  in  various  ways.  Some  consist  of  cubical  or  rectangular 
blocks  hollowed  out  and  placed  together  edge  to  edge,  so  tliat  the 
hollow  parts  form  a  single  interior  chamber,  and  some  are  built  up 
of  sandstone  rings,  6  inches  or  more  thick,  clamped  togethw  and 
cemented  with  acid-re»sting  and  bromine-resisting  material  like 
asbestos  or  white  lead  and  cotton.  The  top  and  bottom  slabs  are 
usually  the  Uiickest.  Holes  in  the  top  slab  admit  the  brine  and  the 
chemicals.  The  working  capacity  of  the  stills  ranges  from  400  to 
1;200  gallons  of  liquid. 

Sodium  chlorate  and  sulphuric  acid  of  66^  B.  are  used  in  liberating 
the  bromine  from  the  bittern.  Formeriy  manganese  dioxide  and 
sulphuric  acid  were  used  and  later  potassium  chlorate  and  sulphuric 
acid.  Comparison  of  the  molecular  weights  of  potassium  chlorate 
(123)  and  sodium  chlorate  (107)  shows  that  the  latter  compound  is  a 
more  efficient  oxidizing  agent  than  the  former,  weight  for  weight, 
without  reference  to  the  lower  price  of  the  sodium  compound,  which  is 
now  used  almost  exclusively.  Some  firms  use  60^  sulphuric  acid, 
which  costs  kes  than  the  66^  acid.  The  readiness,  however,  with 
which  the  more  dilute  acid  attacks  iron,  especially  the  iron  tanks 
used  to  transport  it,  has  caused  the  more  concentrated  acid  to  displace 
it  almost  completely. 

After  the  bittern  enters  the  still  and  the  requisite  amounts  of  sodium 
chlorate  and  sulphuric  acid  are  added,  a  jet  of  steam  is  discharged 
into  the  solution.  As  the  temperature  rises,  a  reaction,  approxi- 
mately represented  by  the  following  equation,  takes  pla(^: 

3MgBr2+3H2SO4+NaC108=6Br+NaCl+3MgSO4+3H2O. 

The  bromine  set  free  passes  from  the  still  as  a  gas.  But  the  reac- 
tions are  more  complex  than  the  equation  indicates,  for  some  chlorine 
is  liberated  and  passes  from  the  still  with  the  bromine.  The  latter 
is  freed  from  chlorine  by  passing  through  washers  filled  with  milk  of 
lime  [Ca(0H)3],  which  forms,  with  the  chlorine,  calcium  chloride 
(CaCla)  and  calcium  hypochlorite  [Ca(OCl),].  Some  bromine  is  taken 
up  by  the  lime  but  is  recovered  later.  The  bromine  distilled  goes  to  a 
condenser.  This  is  a  rectangular  box  'about  5  feet  long,  through 
which  three  lead  pipes  extend  from  the  still  to  three  glass  collecting 
bottles  in  series,  sealed  to  one  another  and  to  the  worm  with  mud  or 
clay.  Any  bromine  that  passes  the  last  bottle  is  caught  in  towers 
6  to  8  feet  high  and  2  or  2.5  feet  in  diameter  made  of  sewer  pipe 
and  filled  with  coke.  Any  bromine  water  that  collects  in  them  runs 
out  at  their  base.  The  bromine  caught  beyond  the  first  bottle  is 
usually  rather  dilute,  and  may  be  returned  for  further  distillation. 
About  35  poimds  of  bromine  is  obtained  from  700  gallons  of  bittern 
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h&ving  a  stieiigtih  of  40^  B.  The  amouats  of  sodium  chlorate  and 
sulphuric  aeid  necessary  depend  largely  on  the  oo(nc^itration  of  the 
bittern. 

DISTILIATION  OF  BfiOHINE   IN  MICHIOAN.^ 

The  old  practice  in  Michigan  did  not  differ  f undamentaliy  from  that 
described  above.  After  the  bulk  of  the  salt  has  been  removed  in  the 
grainers,  the  bittern  or  mother  liquor  containing  the  more  soluble 
salts  m  the  form  of  calcium  and  magnesium  chlorides,  bromides, 
and  iodides  is  nm  into  oth^  tanks  or  grainers,  where  it  is  further 
concentrated  to  a  specific  gravity  of  30°  or  31°  B.  Of  course,  salt 
separates  in  these  grainers,  after  which  the  liquor  is  ready  for  the 
bromine  stills. 

The  boiling  bittern  is  run  into  sandstone  stills  having  a  capacity 
of  400  to  1,000  gallons,  and  treated  with  dilute  sulphuric  acid  and 
sodium  or  potassium  chlorate,  which  prodtKes  free  chlorine,  which  in 
turn  liberates  the  bromine  from  its  combinations. 

Formerly  manganese  dioxide  was  x»ed  in  the  place  of  chlorate,  as 
was  abo  true  along  the  Ohio  River,  but  it  has  been  discarded  for 
economy  and  ease  of  handlii^.  Most  of  the  Michigan  makers  of 
bromine  in  recent  years  have  employed  sodium  chlorate  instead  of 
potassium  chlorate  for  the  reason  already  given — its  producing 
more  bromine  per  poimd. 

The  bittern  in  the  still  is  kept  boiling  by  the  continuous  inflow 
of  steam,  and  the  bromine  is  blown  out  by  the  same  means.  The 
bromine  vapor  and  water  coming  from  the  still  are  condensed  in 
lead  pipes  running  through  cold  water  contained  in  a  rectangular 
box  5  to  6  feet  long  and  3  feet  deep. 

The  lead  condenser  has  always  been  objectionable,  as  it  requires 
frequent  renewal  at  considerable  expense.  The  writer  was  told  that 
the  lead  coils  are  serviceable  for  30  to  50  runs.  Provided  a  still  holds 
500  gallons  per  run,  a  lead  coil  would  serve  at  the  maximum  for 
distillation  of  fifty  times  500  gallons,  or  25,000  gallons  of  liquid.  The 
bromine  made  in  such  lead  coils,  moreover,  is  apt  to  be  contaminated, 
as  the  bromine  attacks  lead.  TTiere  has  been  a  tendency  to  replace 
lead  coils  with  hollow  earthenware  disks  and  coils  of  the  same  mate- 
rial. These  work  perfectly  and  tend  to  preserve  the  purity  of  the 
bromine.  They  are  somewhat  fragile,  and  those  that  are  of  foreign 
make  are  not  readily  procurable,  especially  at  present  (1916).  The 
lead  coUs  in  common  use  are  not  nearly  as  long  as  the  earthenware 
coil,  but  this  drawback  appears  not  to  be  insurmountable.  Lead 
worms  seen  by  the  writer  were  16  feet  long,  whereas  the  earthenware 
worms  were  40  feet. 

The  bromine  is  collected  in  stoneware  receivers  and  is  separated 
from  the  accompanying  water.    If  it  is  not  up  to  the  standard  of  the 

aDiehl,  O.  C,  The  technology  of  bromine:  Mineral  Industry  during  1906,  vol.  17, 1900,  pp.  9^94. 
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United  States  Phamiacopoda,  which  calls  for  97.6  per  cent  bromine, 
it  has  to  be  brought  up  to  this  standard  by  any  proper  means.  It 
is  marketed  in  bottles  holding  6i  pounds.  TRie  process  outlined  above 
is  not  in  use  either  at  Midland  or  Mount  Pleasant,  according  to  the 
writer's  present  information. 

DRAWBACKS  TO  PERIODIC  PROCESS. 

According  to  the  common  chemical  method  of  making  bromine, 
described  above,  the  mother  liquor  or  bittern  obtained  from  con- 
centrating the  natural  brine  and  removing  the  salt  from  it,  is  boiled 
with  an  acid  and  oxidizing  agent  to  liberate  the  bromine.  The  bro- 
mine and  steam  are  then  condensed,  and  the  former  separates  by 
virtue  of  its  specific  gravity  and  its  insolubility  in  water. 

This  method  of  bromine  manufacture  is  costly  because  of  the  great 
volume  and  weight  of  the  solution  from  which  the  desired  end  prod- 
uct is  distilled.  Moreover,  large  apparatus  is  required  to  handle  the 
Uquor  and  considerable  heat  for  distillation.  Other  drawbacks  to  the 
chemical  method  are  loss  of  time  and  materials  and  a  rather  low 
efficiency,  the  recovery  of  the  bromine  present  in  the  original  brine 
from  the  mother  liquor  being  only  60  per  cent. 

RECENT  DEVELOPMENTS  IN  PREPARING  BROMINE. 

Recent  patents  outline  methods  of  preparing  bromine  by  oxidation 
reactions  similar  to. those  employed  in  the  ordinary  chemical  processes 
that  have  been  described.  However,  the  methods  of  producing  the 
original  bromides  or  bromates  are  not  given,  but  they  may  be  made 
by  the  continuous  process  subsequently  described. 

Barstow  ^  has  devised  a  process  in  which  the  liberated  bromine  is 
separated  by  gravity  from  the  accompanying  solution.  A  strong 
solution  of  the  bromide  and  bromate  is  made  up,  sodium  bromide 
and  either  sodium  or  potassium  bromate  being  usually  employed. 

The  bromide  and  bromate  are  generally  used  in  proportions  of  6 
of  the  former  to  1  of  the  latter,  as  indicated  in  the  reaction  below. 
The  prepared  solution  is  run  into  a  cement-lined  tub  having  a  cement- 
covered  agitator  and  a  lead  worm.  Sulphuric  acid  is  added  slowly; 
the  solution  is  agitated  and  the  temperature  is  kept  low  by  means  of 
the  cooling  coil,  but  above  the  crystallizing  point  of  the  sodium  sul- 
phate formed.  Enough  acid  is  added  to  combine  with  the  bases 
present,  as  indicated  by  the  reaction. 

The  bromine  precipitates  as  a  heavy  liquid  which  is  only  slightly 
soluble  in  the  strong  sulphate  solution.    After  all  the  acid  required 

a  Barstow,  E.  O.,  U.  8.  Patent  No.  1141923,  June  8, 1015,  assigned  to  tbe  Dow  Chemical  Co.,  of  Mid- 
land, Mich. 
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has  been  added,  the  solution  is  cooled  substantially  to  the  crystallizing 
point  of  the  sulphate.  The  bromine  collects  on  the  bottom  of  the 
container  and  may  be  drawn  off  from  beneath  the  sulphate  solution. 
It  has  been  fotind  that  where  sodiiun  bromide,  sodium  bromate,  and 
sulphuric  acid  are  used,  about  95  per  cent  of  the  bromine  in  the 
bromide  and  bromate  may  be  drawn  off  as  liquid  bromine,  only  a 
small  quantity  remaining  dissolved  in  the  sulphate  solution.  The 
traces  of  bromine  that  remain  in  the  solution  may  be  recovered,  if 
desired,  by  blowing  them  out  with  a  current  of  air  and  absorbing 
them  in  an  alkali  solution. 

It  is  thus  possible  to  obtain  the  desired  product,  namely,  Uquid 
bromine,  as  a  direct  result  of  a  single  reaction  involved  in  the  process. 
This  is  accomplished  without  any  wasteful  expenditure  of  heat,  in  the 
form  of  steam,  and  at  the  same  time  it  does  away  with  the  necessity 
for  handling  hot  bromine  vapors,  which  are  both  corrosive  and  very 
impleasant  to  dea^l  with. 

Barstow"  has  devised  another  and  different  process  of  preparing 
bromine. 

In  this  process  a  strong  iron  bromide  solution  is  used,  and  obviously, 
the  bromine  occurring  in  the  natural  brines,  magnesiiun  bromide, 
sodium  bromide,  etc.,  must  be  converted  into  iron  bromide  by  any 
of  the  usual  methods  before  the  process  may  be  employed. 

Figure  3  shows  a  diagram  of  the  apparatus.  The  strong  iron  bro- 
mide solution  is  fed  into  the  top  of  a  tailings  tower,  1,  the  solution 
being  supplied  from  a  tank,  2,  After  descending  through  the  tailings 
column  the  solution  passes  through  a  condensing  coil,  S,  thence 
through  a  reaction  colxunn,  4>  ^  which  it  meets  a  rising  stream  of 
chlorine  gas  supplied  from  a  gas  main,  6.  The  chlorine  reacts  with 
the  iron  bromide,  forming  iron  chloride  and  hquid  bromine  in  accord- 
ance with  the  following  reaction,  in  which  the  values  of  x  and  y  vary 
with  the  relative  proportions  of  FeBr,  and  FeBr,  in  the  iron  bromide 
solution: 

A  strong  iron  chloride  solution  and  Uquid  bromine  are  thus  pro- 
duced, the  latter  being  only  sparingly  soluble  in  the  former.  Some 
heat  is  generated  in  the  reaction,  which  may  vaporize  part  of  the 
bromine,  but  the  bromine  vapors  will  be  condensed  in  the  condenser  S 
and  flow  back  into  the  colunm  4-  I^  a  small  quantity  of  bromine 
vapor  be  carried  through  by  the  air  that  may  be  intermingled  with 
the  chlorine,  it  will  be  absorbed  in  the  tailings  tower  1  by  the  fresh 
iron  bromide  solution  entering  from  tank  2,  as  such  solution  usually 
contains  some  ferrous  bromide,  for  the  reason  that  the  strong  ferric 
bromide  solution  is  a  good  mechanical  absorber  of  bromine,  and  the 

o  Barstow,  E.  O.,  U.  S.  Patent  No.  1141921,  June  8, 1915,  assigned  to  the  Dow  Chemloal  Co.,  of  Midland, 
Mlcb. 
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ferrous  bromide  present  is  an  active  chemical  absorbent.  The 
bromine  is  thus  kept  from  escaping  from  the  system,  and  any  air 
fed  into  the  reaction  column  with  the  chlorine  escapes  through  the 


Figure  3.— Apparatus  for  producing  and  separating  bromine  without  distillatiou. 

exhauster  6  that  maintains  the  flow  of  chlorine  upwardly  through  the 
reaction  colunMi  4«  Th©  mixture  of  strong  iron  chloride  and  Uquid 
bromine  flows  downward  through  the  reaction  colimm  and  from  it 
through  a  cooling  worm  7  to  a  container  5,  where  the  bromine  sepa- 
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rates  by  gravity  from  the  iron  chloride  solution.  On  account  of  the 
greater  specific  gravity  of  the  l»*omine  it  sinks  to  the  bottom,  and 
the  separation  of  the  two  liquids  is  sufficiently  p^ect  to  make  it 
possible  to  draw  them  off  by  two  separate  spigots  9  and  10.  The 
bromine  obtained  usually  contains  considerable  chlonne,  which  is 
removed  by  agitation  with  a  bromide  solution,  preferably  iron  bro- 
mide, such  as  is  used  in  the  principal  reaction.  A  small  part  of  the 
bromine,  moreover,  will  remain  dissolved  in  the  iron  chloride  sclu- 
tion,  but  this  may  be  removed,  if  desired,  by  throwing  it  out  with  a 
blast  of  air  and  absorbiag  it  in  any  suitable  way,  for  example,  with  a 
solution  of  ferrous  bromide. 

The  process  described  does  not  require  any  steam  and  obviates 
handling  hot  bromine  vapors,  which  are  both  corrosive  and  un- 
pleasant to  deal  with.  When  a  sufficiently  strong  solution  of  iron 
bromide  is  used  it  has  the  further  advantage  of  producing  a  solution 
of  iron  chloride  with  a  specific  gravity  of  35°  B.,  or  more,  which  is 
an  article  of  commerce.  If  the  bromine  were  separated  by  the 
usual  processes  of  injecting  live  steam,  the  chloride  solution  would 
be  so  dilute  as  to  require  concentration  before  becoming  available 
for  sale  or  for  ordinary  comimercial  use. 

CONTINUOUS   PROCESS. 

The  disadvantages  outlined  imder  the  intermittent  method  of 
making  bromine  have  led  to  the  adoption  of  what  is  usually  known 
as  the  continuous  process,  a  chemical  as  contrasted  with  the  elec- 
trolytic method,  in  which  the  electric  current  sets  free  the  bronune. 
In  the  continuous  process  chlorine  gas  is  the  agent  used  to  liberate 
the  bromine  from  its  combinations,  and  the  chlorine  may  be  made 
by  any  convenient  means,  for  example,  by  electrolysis  of  a  pure  or 
impure  sodium  chloride  solution,  or  by  combining  such  chemical 
compounds  as  will  produce  chlorine,  for  example,  bleaching  powder 
and  sulphuric  acid. 

The  chlorine  gas  that  is  produced  in  standard  cells  of  different 
types,  or  by  other  means,  is  passed  through  the  bromine-bearing 
brine.    The  bromine  is  liberated  according  to  the  simple  reaction 

MBrj+Cl,=^MCl«+Br2 

in  which  M  stands  for  metal,  leaving  the  bromine  mechanically  held 
in  the  solution.  The  bromine  is  recovered  from  its  solution  in  the 
brine  by  air  currents  brought  into  contact  with  it.  The  bromine- 
laden  air  is  then  brought  into  contact  with  such  substances  as  will 
readily  form  a  chemical  combination  with  it.  Iron  may  be  used,  a 
solution  of  ferric  bromide  being  formed.  If  a  solid  is  desired,  ferrous 
bromide  may  be  made  from  the  ferric  salt  by  suitable  moans. 
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A  remarkable  series  of  patents  have  been  taken  out  by  Herbert 
H.  Dow,  of  the  Dow  Chemical  Co.,  of  Midland,  Mich.,  relating  to  the 
preparation  of  bromine  by  the  continuous  process. 

The  series  of  patents  begins  with  one  describing  a  ''  process  of  ex- 
tracting bromine,''  No.  460370,  dated  September  29,  1891,  and  a 
reissue  patent  No.  11232,  dated  April  12,  1892,  with  the  same  title. 
These  two  patents  will  be  briefly  outlined. 

Many  salt  wells,  especially  in  Saginaw  Valley,  will  not  pay  when 
worked  for  salt  alone,  owing  to  the  low  price  for  that  commodity. 
When  the  brine  from  such  salt  wells  is  rich  in  bromine,  it  is  of  con- 
siderable commercial  importance  to  be  able  to  extract  it  cheaply 
without  incurring  the  expense  of  evaporating  the  brine.  The  pro- 
cess described,  however,  is  appUcable  to  bitter  waters  after  the  salt 
has  been  removed  from  them. 

Electricity,  chlorine  gas,  or  a  combination  of  compoimds  that  will 
produce  chlorine  gas,  for  example,  bleaching  powder  and  sulphuric 
acid,  may  be  employed  to  liberate  the  bromine  left  in  solution  in 
the  brijie. 

The  bromine  is  recovered  after  hberation  from  the  brine  by  air 
currents  which  drive  it  out.  The  bromine-laden  air  is  then  brought 
into  contact  with  any  substance  that  will  chemically  combine  with 
the  bromine,  for  example,  iron  turnings  or  filings.  Ferric  bromide 
forms,  which  with  the  moisture  absorbed  from  the  air  forms  a  solu- 
tion. If  a  soUd  is  desired,  ferrous  bromide  (which  is  a  more  stable 
compound  when  heated)  may  be  formed  by  bringing  the  solution  of 
ferric  bromide  into  contact  with  iron  and  evaporating  to  dryness 
in  a  vessel  from  which  air  is  excluded  by  steam.  Other  metals  may 
be  substituted  for  iron  when  other  bromides  are  desired,  and  other 
gases,  for  example  natiu-al  or  artificial  gas,  may  be  substituted  for  air 
for  driving  the  bromine  from  its  solutions. 

The  brine  may  be  treated  electrolytically  in  tanks  or  chlorine  may 
be  forced  through  it,  either  in  the  form  of  a  gas  as  such  or  the  chlorine 
may  be  formed  by  the  interreaction  between  bleaching  powder  and 
sulphuric  acid  in  the  brine  itself.  The  brine  containing  the  bromine 
is  drawn  off  into  shallow  tanks  placed  near  the  upper  part  of  a  closed 
space  or  room.  The  tanks  are  provided  with  a  series  of  drip  holes 
from  which  the  brine  showers  down  on  sheets  of  burlap  stretched 
on  frames  in  an  inclined  position.  Wooden  surfaces  may  be  used 
instead  of  the  burlap.  A  blower  sucks  air  through  the  descending 
solution  containing  the  bromine  in  such  a  way  that  fresh  air  comes 
in  contact  with  the  solution  most  depleted  of  its  bromine.  Thus  all 
the  bromine  is  removed  from  the  solution,  and  the  air  as  it  passes  on 
comes  in  contact  with  brine  richer  and  richer  in  bromine.  The  air 
passes  off  through  a  duct,  then  through  the  bottom  of  a  container 
which  is  partly  filled  with  iron  turnings  or  scrap  iron,  with  which  the 
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bromine  unites  to  form  "ferric  bromide.  With  the  moisture  there  is 
formed  a  sohition  of  the  ferric  bromide,  which  drops  through  a  spout 
into  a  suitable  stone  container.  The  air  from  which  the  bromine 
is  freed  is  again  used,  and  so  the  process  goes  on.  The  lower  floor 
of  the  apparatus  is  incUned  so  that  the  spent  brine  flows  away  through 
a  trap  and  no  air  is  wasted. 

These  first  patents  were  followed  by  others,  which  involve  modi- 
fications and  improvem^its,  or  relate  to  closely  allied  operations, 
such  as  the  manufacture  of  bromides.    Later  patents  are  as  follows: 

PtocesB  of  extracting  bromine  from  brine;  No.  714160,  November  25, 1902,  issued  to 
Herbert  H.  Dow,  assignor  to  the  Dow  Chemical  Ck).,  of  Midland,  Mich. 

PiroceBB  of  manufacturing  bromine;  No.  733466,  July  14,  1903,  issued  to  Herbert  H. 
Dow. 

Process  of  manufacturing  bromides  from  bromine-containing  solutions;  No.  733467, 
July  14, 1903,  issued  to  Herbert  H.  Dow. 

Process  of  extracting  bromine  from  brine;  No.  741637,  October  20,  1903,  issued  to 
Herbert  H.  Dow,  of  Midland,  Mich.,  assignor  to  the  Dow  Chemical  Co.,  of  Midland, 
Mich. 

Process  of  fractioning  bromine  apart  from  chlorine;  No.  752286,  February  16,  1904, 
issued  to  Herbert  H.  Dow,  assignor  to  the  Dow  Chemical  Co.,  of  Midland,  Mich. 

Process  of  fractioning  bromine  from  chlorine;  No.  752331,  February  16, 1904,  issued 
to  Herbert  H.  Dow,  assignor  to  the  Dow  Chemical  Co.,  of  Midland,  Mich. 

Process  of  manufacturing  bromine  from  natural  brines;  No.  752332,  February  16, 
1904,  issued  to  H.  H.  Dow,  assignor  to  the  Dow  Chemical  Co.,  of  Midland,  Mich. 

Method  of  converting  bromine  into  bromides  and  bromates;  No.  766417,  July  19, 
1904,  issued  to  H.  H.  Dow,  assignor  to  the  Dow  Chemical  Co.,  of  Midland,  Mich. 

Process  of  manufacturing  bromides;  No.  997972,  July  18, 1911,  issued  to  H.  H.  Dow, 
aasdgnor  to  the  Dow  Chemical  Co.,  of  Midland,  Mich. 

Other  patents  relating  to  the  preparation  of  bromine  or  halogen 
compoimds,  among  which  bromides  are  included,  are  as  follows: 

Method  of  making  haloids;  No.  964156,  July  12, 1910,  issued  to  James  C.  Graves  and 
John  P.  Simons,  aaBOgnors  to  the  Dow  Chemical  Co.,  of  Midland,  Mich. 

Method  of  making  halogens;  No.  1036121,  August  20,  1912,  issued  to  Coulter  W. 
Jones  and  Arthur  E.  Schaefer,  assignors  to  the  Dow  Chemical  Co.,  of  Midland,  Mich. 

Process  for  the  recovery  of  bromine;  No.  1085944,  February  3,  1914,  issued  to 
Arthur  E.  Schaefer,  of  Saginaw,  Mich. 

Method  of  extracting  bromine;  No.  1188838,  June  27,  1916,  issued  to  Arthur  E. 
Schaefer,  assignor  to  the  Dow  Chemical  Co.,  of  Midland,  Mich. 

In  this  connection,  two  patent  specifications  issued  to  Herbert  H. 
Dow  and  relating  to  electrolytic  cells  are  of  interest.  These  are  as 
follows: 

Porous  diaphragm  for  electrolytic  cells  and  method  of  producing  same;  No.  621908, 
March  28,  1899. 
Method  of  and  apparatus  for  electrolyzing  liquids;  No.  1100290,  June  16,  1914. 

ELBOTROLTTIC  PBOOESS. 

The  electrolytic  process  for  making  bromide  depends  on  the  prin- 
ciple that  bromides  decompose  at  a  lower  voltage  than  chlorides  and 
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hence  are  first  decomposed  by  the  electric  current.  Notwithstanding 
that  the  reaction  is  carried  only  far  enotigh  to  liberate  the  laiger  part 
of  the  brofliiney  it  always  results  in  the  production  of  some  chlorine 
which  subsequently  has  to  be  dtmioated.  Diaphra^oi  celk  may  or 
may  not  be  used.  A  weak  current  is  used — ^not  more  than  4  to  5 
volts.  It  is  not  knovni  whether  the  process  is  used  in  the  United 
StateS;  but  it  probably  is.  Owing  to  the  low  concentration  in  bro- 
mides and  the  large  bulk  of  Uquof  generally  handled,  and  also  to  the 
formation  of  bromates  and  chlorates,  the  efficiency  is  low. 

One  method  of  carrying  on  the  process  is  as  follows:  The  brine  is 
run  into  long  wide  wooden  vats  in  which  carbon  electrodes  are  intro- 
duced and  in  which  the  electrolysis  takes  place.  The  solution  con- 
taining the  bromine  trickles  continuously  over  a  lattice  work  down  a 
tall  wooden  tower,  upward  through  which  passes  a  strong  air  current. 
The  bromine  vapor  is  then  passed  through  water  and  an  aqueous 
solution  is  formed.  The  aqueous  solution  then  trickles  downward 
through  another  tower  built  of  bromine-resisting  material  such  as 
sewer  pipe.  In  this  tower  are  coils  of  thin  iron  ribbon  or  wire.  The 
iron  combines  with  the  bromine,  forming  bromide  of  iron.  TTiis  com- 
pound is  next  treated  with  sodiiun,  potassium,  or  ammonium  hydrox- 
ide, depending  upon  the  bromide  desired.  This  mixture  is  boiled 
down  in  cylindrical  iron  tanks,  and  after  the  reaction  is  cmnpleted 
the  precipitated  ferric  hydrate  is  filtered  oflf  and  the  clear  solution 
further  concentrated  until  the  bromides  crystallize  out.  These  are 
dried  over  steam  coils  or  in  any  other  suitable  manner. 

According  to  Blount  and  Bloxam,**  ^'Bromine  is  now  also  obtained 
from  the  Stassf urt  residues  by  electrolyzing  the  liquors  between  car- 
bon electrodes  in  open  vessels,  through  which  the  liquid  is  passed  at 
a  certain  rate.  Up  to  30  secondary  carbon  electrodes  are  placed  in 
the  vats,  which  practice  permits  a  current  of  90  volts  to  be  used. 
This  is  found  to  give  the  maximimi  efficiency.  The  bromine  liberated 
remains  dissolved  as  such  in  the  liquid  and  is  separated  at  a  subse- 
quent distillation. 

"  The  crude  bromine  contains  chloride  of  bromine  and  generally  lead 
bromide  and  hydrocarbons,  tB©  latter  being  derived  from  tar  joints. 
It  is  shaken  with  potas^um  bromide  to  decompose  the  bromine 
chloride,  and  distilled  in  glass  retorts. '^  '^ 

TTSBS  OF  BBOMINB. 

Bromine  is  used  in  the  manufacture  of  certain  coal-tar  dyes  such 
as  the  brom  eosins,  also  in  the  manufacture  of  such  bromides  as  potas- 
sium bromide,  sodium  bromide,  ammonium  bromide,  and  strontium 

a  BkNuit,  B.,  and  Bloxam,  A.  Q.,  Chemistry  lor  Engfneers  and  Iffannfartureig,  1910,  p.  IGBi 
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bromide.  It  is  also  used  as  a  reagent  in  analytical  chemistry  and  in 
the  manufacture  of  certain  organic  bromides.  The  latter  are  used  in 
photography  and  in  medicine. 

Bromine  has  also  been  used  in  extracting  gold  from  its  ores  and  in 
refining  platinimi,  and  in  connection  with  the  manufacture  of  Prus- 
sian blue  and  potassimn  permanganate.  It  is  also  a  disinfectant.  It 
is  reported  to  have  been  used  in  the  present  war  in  the  asphyxiating 
mixtures  used  in  the  trenches,  its  effects  being  reported  to  be  most 
disastrous,  and  bums  from  bromine  severe. 

It  is  considered  dangerous  f  rei^t  by  the  transportation  companies, 
and  it  sometimes  appears  in  the  form  of  ''solidified  bromine," 
patented  by  Frank.  This  consists  of  sticks  of  diatomaceous  earth 
made  plastic  with  size  or  molasses  and  then  pressed  into  sticks  of 
i-inch  or  f-inch  diameter,  which  are  dried  or  bmned  till  coherent, 
but  not  to  the  degree  of  losing  their  porosity.  They  are  then  soaked 
in  liquid  bromine  contained  in  wide-mouthed,  stoppered,  glass 
bottles.  The  porous  material  absorbs  50  to  75  per  cent  of  its  weight 
of  bromine,  after  which  the  excess  liquid  bromine  is  poinded  off.  The 
sticks  are  sold  in  the  same  bottles.  Bromine  in  this  form  may  be 
used  conveniently  as  a  certain  number  of  sticks  represent  a  given 
weight  of  the  substance,  and  the  necessity  for  weighing  the  Uquid 
itself  is  thus  obviated. 

BEGOVEBT  OF  GALGITJK  GHLOBIDE. 

Under  this  heading  is  considered  only  calcium  chloride  that  is  pro- 
duced in  connection  with  the  manufacture  of  salt  and  bromine  from 
natural  brines.  The  waste  calcium  chloride  so  largely  produced  in 
connection  with  the  ammonia  soda  process  at  Solvay,  N.  Y. ;  Wyan- 
dotte, Ifich.;  Barbertom  and  Fairport  Harbor,  Ohio;  Hutchinson, 
Kans. ;  and  Saltrile,  Va.,  is  not  considered,  for  such  calcium  chloride 
derives  its  base  from  lin&estone  and  its  acid  from  common  salt,  and 
it  is  not,  a^  such,  an  original  constituent  of  the  brine. 

OHIO  AND  WEST  VIRQINIA. 

In  the  chemical  process  of  making  bromine  the  bittern  from  the 
bromine  stills  goes  directly  to  the  calcium  chloride  plant.  Here  it  is 
generally  first  neutralized  with  lime  and  allowed  to  settle  as  long  as 
necessary;  it  may  go  to  a  rectangular  vat  for  further  concentration. 
After  having  settled  it  is  nm  to  the  kettles  for  final  evaporation. 
The  kettles  are  cylindrical  with  conical  bases  fitted  with  steam  coils; 
some  also  being  provided  with  steam  jackets  through  which  live 
steam  is  passed.  The  Uquor  is  boiled  in  them  to  the  consistency  of  a 
thick  sirup.    A  plug  is  then  drawn  from  the  bottom  of  the  kettle 
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and  the  thick  liquid  is  run  into  metallic  drums,  in  which  it  solidifies 
on  cooling.    It  is  then  ready  for  market. 
Analyses  of  the  brines  are  shown  in  the  table  on  page  82. 

HICHIOAN. 

When  bromine  is  not  recovered  from  the  mother  liquor  resulting 
from  the  extraction  of  salt,  as  was  the  case  formerly  at  certain  plants 
before  the  recent  demand  caused  by  the  European  war  sprang  up, 
such  mother  liquor  is  directly  evaporated  for  its  saline  content. 

After  the  salt  has  been  separated  in  the  main  grainers  and  the 
latter  are  ready  to  be  cleaned,  the  bit'tem  is  further  concentrated 
in  another  grainer  or  set  of  grainers  to  a  specific  gravity  of  30°  or 
31°  B.  Of  course,  salt  separates  in  this  second  set  of  grainers, 
after  which  the  bittern  goes  to  the  calcixun  chloride  works.  Here  the 
bittern  is  further  concentrated  to  a  strength  of  45°  B.  The  volmne 
of  this  concentrated  bittern  is  about  8.5  per  cent  of  that  of  the 
original  brine.  The  composition  of  this  strongly  concentrated  Uquor 
while  at  the  boihng  point  is  as  follows: 

Composition  of  calcium  chloride  liquor. 

Calcium  chloride  (CaClj) 34. 50 

Magnesium  chloride  (A^gClj) 11. 60 

Sodiimi  chloride  (NaCl) None. 

Water 53.90 


100.00 

At  Mount  Pleasant  the  liquor  from  which  the  bromine  has  been 
recovered  goes  to  the  storage  tanks  of  the  salt  block,  where  it  is 
heated  and  agitated  with  mUk  of  lime.  After  this  operation  ceases 
the  suspended  matter  quickly  settles,  leaving  a  dear  supernatant 
liquid  above,  which  is  evaporated  in  a  modified  form  of  open  pan. 
After  partial  separation  of  the  salt,  the  bittern  is  concentrated  in 
another  pan  to  42°  to  44°  B.  and  is  then  run  into  a  settling  tank, 
where  the  rest  of  the  salt  settles  out.  The  bittern  is  then  boiled 
in  a  caiddron  imtil  all  the  water  has  been  evaporated  except  that 
necessary  for  crystaUization  of  calciiun  chloride.  The  liquid  is  then 
run  into  metal  drums  of  700  poimds  capacity,  where  it  solidifies,  and 
in  this  form  it  is  placed  on  the  market.  The  liquid  may  be  run  in  a 
viscous  condition  onto  floors  over  which  cold  water  is  circidated  in 
pipes.  The  sudden  solidification  produces  a  tension  in  the  calcium 
chloride,  and  it  may  be  readily  broken  by  sledge  hammers.  It  is 
passed  through  a  rotary  crusher,  sized,  and  barreled  for  the  trade. 

Analyses  of  the  product  at  different  plants  are  as  follows: 
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Analyses  of  calcium  chloride  obtained  from  natural  brines  in  Michigan,  Ohio,  West 

Virginia,  and  Pennsylvania. 

RADICALS  IN  PBBCBNTAOE  OF  TOTAL  WEIGHT. 


Constituent. 

1 

2 

3 

4 

5 

6 

7 

K 

0.7 

.6 

19.5 

4.9 

50.4 

None. 

0.8 
2.4 

19.6 
5.1 

53.9 
None. 

Trace. 

3.7 

18.5 

5.3 

53.9 

None. 

Trace. 

Trace. 

94.6 

6.3 

62.0 

1.6 

0.3 

.0 

18.9 

4.6 

43.9 

None. 

.6 

LI 

0.3 

.1 

18.4 

3.4 

42.6 

None. 

.3 

None. 

Traoeu 

Na 

NonA. 

c% 

30.4 

Ug 

1.8 

CT. 

50.0 

S04. 

Trace. 

COi 

Br 

None. 

Trace.' 

None. 

None. 

76.1 

8L8 

81.4 

94.5 

69.8 

64.7 

9L4 

CONVENTIONAL  COMBINATIONS  IN  PERCENT AOB  OF  TOTAL  WEIGHT. 


KCl 

NaCl 

CaCli. 

MgCl, 

^04 

IfeBr* 

Water  by  diflerence. 


1 

L4 

L5 

Trace. 

Trace. 

.6 

.4 

L6 

6.1 

9.4 

Trace. 

.0 

.3 

53.9 

54.3 

5L3 

68.3 

5L4 

50.6 

19.2 

20.0 

30.8 

34.4 

17.3 

13.3. 

None. 

None. 

None. 

3.3 

•.9 

«.5 

None. 

None. 

Trace. 

None. 

L3 

None. 

23.9 

18.2 

18.6 

5.1 

39.6 

34.9 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Traoe. 

None. 

84.3 

7.0 
Trace. 
None. 

8.8 


100.0 


o  CaCOs. 

1.  Eureka  Calcium  Works,  Pomeroy,  Ohio,  1911.    R.  F.  Gardiner,  analyst. 

2.  Liverpool  Salt  &  Coal  Co.,  Hartford,  W.  Va.,  1911.    R.  F.  Gardiner,  analyst. 

3.  Hartford  City  Salt  Co.,  Hartford,  W.  Va.,  1911.    R.  F.  Gardiner,  analyst. 

4.  J.  Q.  Dickinson  &  Co.,  Maiden,  W.  Va.,  1911.    J.  A.  Cullen,  analyst. 

5.  Saginaw  Chemical  Works,  Saginaw,  Mich.    Traces  of  barium  and  strontium,  1911.    R.  T,  Gardiner, 
analyst. 

6.  Van  Sdiaaok  Calcium  Works,  Mount  Pleasant,  Mich.,  1911.    R.  F.  Gardiner,  analyst. 

7.  Pittsburgh  Calcium  Chloride  Works,  Pittsburgh,  Pa.,  1911.    R.  F.  Gardiner,  analyst. 

In  this  connectioii,  the  magnesium  chloride  content  is  of  interest 
and  importance . 

The  bromine  content  of  the  sample  collected  at  the  Saginaw 
Chemical  Works,  Saginaw,  Mich.,  pomts  to  the  nonremoval  of  the 
bromme  after  the  crystallization  of  the  salt  and  before  evaporation 
to  produce  the  final  product.  It  should  be  noted  that  the  samples 
whose  analyses  are  given  above  were  collected  in  1911. 

VACTTTTH-PAir  PBOCESS. 

HISTORY. 

On  July  16,  1839,  John  Reynolds  in  English  Patent  No.  8155, 
outlined  a  process  for  improving  the  manufacture  of  salt  by  "  causing 
the  steam  produced  by  boiling  brine  or  salt  water  in  a  closed  vessel  to 
transfer  its  heat  to  and  thereby  boil  brine  or  salt  water  in  a  second 
closed  vessel,  so  that  the  steam  from  such  second  closed  vessel  may 
in  like  manner  transfer  its  heat  to  brine  in  a  third  vessel,  and  so  on,  by 
maintaining  in  each  of  a  series  of  closed  vessels  in  which  brine  is 
subjected  to  evaporation  such  relative  pressure  as  will  cause  the 
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respective  boiling  points  of  the  brine  contained  in  each  to  be  lower 
from  the  first  to  the  last  of  the  series,  so  that  the  steam  or  vapor  pro- 
duced from  the  brine  in  each  vessel  may  be  condensed  in  a  vessel 
of  thin  metal  immersed  in  the  brine  of  the  next  succeeding  vessel. 
The  graduations  of  pressure  may  be  obtained  either  by  diminishing 
a  pressure  superadded  to  that  of  the  atmosphere,  or  by  diminishing 
iAie  pressure  of  the  atmosphere  alone/'  *» 

The  principle  of  multiple  effect  evaporation,  however,  does  not 
appear  to  have  begun  with  the  evaporation  of  brine  for  salt.  A 
catalogue  issued  by  the  Zaremba  Co.,  of  Buffalo,  N.  Y.,  states  that: 

Vacuum  pans  were  first  used  in  1813  in  the  fonn.  of  single  effects  in  the  manufacture 
of  sugar.  These  single  effects  comprwed  a  amgle  evaporator  body  consisting  of  a 
closed  vaporizing  element  connected  with  a  condenser  and  air  pump,  the  heating 
element  consisting  of  coils  of  piping  submerged  in  the  liquor.  The  liquor  was  sub- 
jected to  but  one  ebullition  in  a  given  evaporator,  hence  the  name  ^'single  effect." 
Here  the  theoretical  efficiency  was  1  pound  of  water  evaporated  per  pound  of  steam 
used. 

The  second  great  step  in  evaporator  development  took  place  in  1830,  when  Rilleaux 
broached  the  idea  of  multiple  effect  evaporation,  in  which,  as  a  result  of  "performing 
several  ebullitions  under  varying  degrees  of  vacuiun,  the  amount  of  work  done  by  the 
steam  is  greatly  augmented.  He  experienced  great  difficulty  in  introducing  his 
improvement,  so  much  so  that  it  took  30  years  to  bring  it  into  general  use  in  European 
sugar  factories. 

So  far  as  known,  the  first  vacuum  pan  used  in  the  United  States 
for  the  manufacture  of  salt  was  started  by  Joseph  M.  and  John  H. 
Duncan,  brothers,  in  the  spring  of  1885  at  Warsaw,  N.  T. 

In  the  fall  of  1880  the  Duncan  brothers  were  sent  by  the  American 
Dairy  Salt  Co.,  of  Syracuse,  N.  Y.,  to  investigate  salt-making  ma- 
chinery used  in  the  East.  The  Duncans  were  particularly  interested 
in  the  centrifugals  and  driers  used  in  sugar  manufacture,  especially 
with  reference  to  their  possible  adaptabihty  for  drying  salt  that  came 
from  the  washing  machines  then  in  use.  At  that  time  all  dairy  salt 
was  washed  in  machines  with  a  solution  of  brine  and  soda  ash  to 
remove  impurities. 

The  Duncans  became  greatly  interested  in  the  vacuum  pans  used 
in  making  sugar;  but  on  being  informed  that  it  was  impossible  to 
crystallize  the  sugar  in  the  pans,  the  subject  was  dismissed  for  the 
time  being  until  it  occurred  to  them  that  vacuum  pans  might  be  used 
in  strengthening  the  weak  brines  of  the  Onondaga  Indian  Reservation. 
On  further  investigating  the  subject,  it  was  concluded  that  the 
project  was  not  practicable  and  the  subject  was  dropped. 

In  1883,  Joseph  M.  Duncan  left  Syracuse  to  become  manager  of 
the  Warsaw  Salt  Co.,  Warsaw,  N.  Y.,  where  he  erected  and  operated 
a  large  plant.  After  this  plant  had  been  placed  in  operation,  experi- 
ments with  vacuum  pans  in  salt  manufacture  were  again  taken  up, 

^      —      ■  -  -         ■ —     —  — ■  —    -        _     __  -  i—_  ■ 

a  Thorpe,  Edward,  Dtetionary  of  applied  chemistry,  vol.  5,  1913,  pp.  12-13, 
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the  strong  brines  at  the  Warsaw  plant  being  used.  An  experimental 
pan,  about  4  feet  in  diameter,  was  built  aloQg  tbe  same  Ihies  aa  nre 
many  of  the  vacuimi  pans  in  present-day  use.  Considerable  trouble 
was  experienced  in  crystalling  the  salt,  but  alter  many  ^cperiments, 
success  was  achieved  and  the  first  salt  made  in  a  vacuum  pan  was 
produced.    In  the  meantime,  patents  had  been  apphed  for. 

Joseph  M.  Duncan  later  left  Warsaw,  and  the  brothers  organiaed 
the  Duncan  Salt  Co.  and  in  1885  took  over  the  plant  of  the  Silver 
Springs  Salt  Co.  at  Silver  Springs,  N.  Y.  During  1886  or  1887  they 
constructed  a  vacuiun  pan  7  feet  in  diameter.  This  was  the  first 
commercial  vacuimi  pan  constructed  for  the  manufacture  of  salt.  It 
was  a  success  from  the  start,  so  far  as  the  production  of  salt  was  con- 
cerned, but  great  difficulty  was  experienced  with  the  salt  and  gypsum 
that  so  coated  the  tubes  that  they  required  boiling  and  boring  out 
every  few  hours  at  great  expense.  This  discouraging  feature  was 
gradually  overcome  as  the  Duncans  became  better  acquainted  with 
the  brine  and  the  proper  treatment  necessary  to  avoid  these  diffi- 
culties. 

Their  experience  led  them  to  design  a  pan  with  the  tubes  in  sec- 
tions, so  that  steam  could  be  used  on  the  inside  of  the  tubes  and  the 
brine  outside.  This  new  type  of  pan  gave  better  efficiency  than  the 
older  pans  and  could  be  more  readily  cleaned.  It  also  produced  a 
much  harder  grained  salt.  However,  the  hard,  small  grain  of  the 
salt  made  difficult  the  marketing  of  the  product.  It  received  the 
name  of  "musical  salt,"  for  when  put  up  in  packages  it  gave  forth  a 
musical  sound  when  the  package  was  twisted,  owing  to  the  hardness 
of  the  crystals.  Though  small,  the  crystals  were  perfect  cubes,  and 
in  hardness  and  shape  were  quite  different  from  the  crushed  or 
gromid  salt  then  on  the  market. 

The  Duncan  brothers  were  also  the  first  to  employ  the  centrifugal 
principle  for  drying  salt.  In  their  plant  at  Silver  Springs  the  bottom 
of  their  vacuum  pan  was  constructed  with  a  series  of  valves,  so  that 
the  salt  could  be  drawn  directly  from  the  pan  into  the  centrifugal 
without  the  aid  of  an  elevator  or  other  machinery.  This  method  of 
production  gave  their  product  a  reputation  for  cleanliness.  The 
Worcester  Salt  Co.,  of  Silver  Springs,  N.  Y.,  formed  by  the  union  of 
the  Duncan  Salt  Co.  and  the  NaslvWhiton  Co.,  employ  pans  of  the 
sectional  type. 

The  R.  G.  Peters  Salt  Co.,  of  Manistee,  Mich.,  so  far  as  known,  were 
the  first  to  employ  the  vacuum  pan  in  making  salt  in  Michigaai. 

PBODtrCTION  OBNTBBS. 

The  vacuum-pan  process  is  used  in  nearly  all  districts  of  the  United 
States  in  whidi  much  salt  is  produced  by  evaporation.  It  is  used  in 
New  York  at  Silver  Springs,  Ithaca,  Ludlowville,  and  Watkins.    In 
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Michigan  salt  is  made  by  the  vacuum-pan  process  at  Del  Ray,  "Wyan- 
dotte, and  Ecorse,  south  of  Detroit,  and  along  St.  Clair  Biver  at  Port 
Huron,  St.  Clair,  and  Marine  City,  as  well  as  at  Ludington  and 
Manistee  and  its  suburbs  in  the  western  part  of  the  Lower  Peninsula. 
It  is  also  used  at  Kemnore,  Wadsworth,  Cleveland,  and  Rittman, 
Ohio,  Hutchison,  Kans.,  and  near  San  Mateo  and  AIvarado~  and  in 
San  Francisco,  Cal. 


Vapor  to  next  effect 


To  trap 


FioxTRK  4.— Essential  parts  of  vacuum  pan. 
OHABACTBB  OF  PBODUCT. 

The  salt  produced  by  the  vacuum-pan  process  has  a  fine  luster  and 
a  closely  even  grain,  which  adapts  it  for  table  and  dairy  use.  The 
crystals  have  nearly  perfect  cubical  shapes  that  distinguish  vacuum- 
pan  salt  from  that  made  by  other  processes.  The  fine  grain  is  due 
chiefly  to  the  rapidity  with  which  the  salt  crystallizes,  and  the  rapid- 
ity of  crystallization  depends  on  the  degree  of  vacmun,  amount  o( 
steam,  the  height  of  brine  in  the  pan,  and  other  factors. 
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PBINOIPLB  OF  VACT7TJM-PAN  PBOOE88. 

The  vacuum-pan  process  in  which  multiple-effect  evaporators  are 
used  represents  the  latest  development  in  salt  making.    The  appa* 
ratus  used  in  it  is  more  complicated  than  that  employed  in  any  other 
phase  of  the  industry.    The  \mderlying  principle  of  the  process  is 
the  lowering  of  the  boihng  point  of  a  hquid  that  results  from  decreas- 
ing the  pressure  of  the  vapor  above  the  hquid.    If  a  vessel  of  water 
is  placed  under  the  jar  of  an  air  piunp  and  the  air  is  partly  exhausted 
the  water  will  boil  at  a  lower  temperatiire  than  under  ordinary 
atmospheric  pressure,  and  the  lowering  of  the  boiling  point  will  be 
greater  the  more  nearly  a  perfect  vacuum  is  approached.    In  vacuum- 
pan  practice  nearly  complete  exhaustion  of  the  chamber  can  not,  of 
course,  be  maintained,  but  the  partial  vacuum  that  is  practicable 
effects  appreciable  lowering  of  the  boiling  point  of  the  brine  and 
consequently  a  distinct  saving  in  fuel.    For  example,  when  the  steam, 
which  is  the  means  of  heating  the  brine,  is  at  a  temperature  some- 
what higher  than  212°  F.  and  the  brine  under  partial  vacuiun  boils 
at  about  150°,  water  will  rapidly  evaporate  from  the  brine. 

Inasmuch  as  the  boiling  point  of  a  hquid  varies  with  the  pressure 
to  which  it  is  subjected  it  follows  that  adjusting  the  pressure  will 
produce  corresponding  changes  of  the  boiling  point,  whereby  it  may 
be  pT&ced  al  will  anywhere  between  certain  practical  limits.  The 
lowest  point  is  usually  fixed  by  the  cost  of  procuring  the  vacuum  and 
is  about  125°  F.  The  upper  limit  is  fixed  by  the  temperature  of  the 
steam  used,  which  for  exhaust  steam  is  about  225°  F. 

Obviously,  with  a  given  amount  of  heat  for  boiling,  better  results 
may  be  accomplished  in  a  vacuum  than  imder  atmospheric  pressure, 
and  the  greater  the  vacuimi  the  greater  the  accomplishment  with  a 
given  number  of  heat  imits.  If,  then,  the  cost  of  maintaining  the 
vacuum,  including  the  cost  of  the  plant  and  its  operation,  is  less  than 
the  value  of  the  heat  gained,  evaporation  of  water  by  the  vacuum-pan 
process  is  more  economical  than  by  the  open-pan  process. 

With  the  open-pan  process  the  heated  vapor,  contaioing  a  con- 
siderable quantity  of  heat  units,  is  entirely  lost,  whereas  in  the 
vacuum-pan  process  in  multiple  effect  this  heated  vapor  is  used  to  the 
greatest  effect.  A  point  that  should  be  firmly  borne  in  mind  is  that 
with  the  multiple-effect  vacuimi-pan  system,  each  vacuum  pan  acts 
not  only  as  an  evaporator,  but  also  as  a  boiler  producing  heated  vapor 
or  steam  for  boiling  in  the  next  succeeding  pan  and  as  the  condenser 
for  the  pan  immediately  preceding.  To  make  this  point  clearer,  let 
asstunptions  be  made  as  follows:  The  operation  starts  with  steam 
from  a  main  boiler  plant  that  has  a  temperature  slightly  in  excess  of 
212°  F.  The  steam  is  led  through  pipe  of  suitable  diameter  into  the 
steam  belt  of  the  first  vacuimi  pan  and  is  there  condensed.  The  heat 
is  transmitted  through  the  tubes  and  absorbed  by  the  Uquor  to  be 

98088**— 17 Bull.  146 8 
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boiled,  which  is  under  a  vacuum  of  15  inches.  The  liquor  in  boiling 
gives  off  heated  vapor  or  steam,  which  passes  as  such  to  the  steam, 
belt  of  the  second  or  No.  2  vacuum  pan.  This  steam  or  vapor, 
instead  of  being  at  a  temperature  of  212®  F.,  is  at  the  temperature 
involved  in  the  15-inch  vacuum — that  is,  approximately  176®  F. 
With  the  liquor  in  the  second  effect  imder  a  vacuum  of,  say,  24  inches, 
the  steam  or  vapor  passing  into  it  is  amply  hot  to  cause  violent 
ebullition  to  take  place.  The  ebullition  in  the  second  effect  in  turn 
produces  heated  vapor  or  steam,  which  is  led  to  the  steam  belt  of 
the  third  pan,  which  is  imder  a  vacuum  of  27  inches.  The  steam 
from  the  second  effect,  which  is  at  a  temperature  of  140®  F.,  is  amply 
hot  to  produce  boiling  in  the  third  pan  at  the  desired  rate.  The 
steam  from  the  pan  in  which  the  vacuxmi  is  27  inches  at  a  tempera- 
ture of  110®  F.  is  again  in  turn  hot  enough  to  produce  boiling  in 
the  fourth  effect,  which  may  be  assumed  to  carry  a  vacuum  of  28^ 
inches. 

OONSTBTJCTION  OF  APPABATIJS.a 

• 

The  vacuum  pans  usually  are  vertical  cylinders  with  conical  ends 
and  are  commonly  constructed  of  iron  or  steel,  though  a  vacuum 
effect  at  one  plant  is  built  of  copper  heavily  lined  with  tin.  The 
detail  drawings  indicate  their  construction.  The  pans  are  installed 
singly,  in  pairs,  in  threes,  and  in  fours,  and  with  their  mechanical 
attachments  are  referred  to  as  ''effects."  Thus  a  single  pan  is  a 
single  effect,  two  pans  in  series  a  double  effect,  three  pans  a  triple 
effect,  and  four  pans  a  quadruple  effect.  Series  of  two  or  more 
pans  in  general  are  referred  to  as  multiple  effects.  -  Pans  less  than 
9  feet  in  diameter  are  not  common  and  most  are  between  10  and  20 
feet  in  diameter.  With  the  constantly  increasing  demands  for 
evaporators  of  large  size,  pans  with  diameters  greater  than  20  feet 
are  becoming  increasingly  common,  and  a  pan  has  recently  been 
made  with  a  diameter  of  30  feet.     (PI.  XV.) 

Pans  10  to  20  feet  in  diameter  usually  measure  30  to  50  feet  from 
tip  to  tip  of  the  end  cones  (see  Pis.  XVI  and  XVII  and  fig.  5),  and 
therefore  they  have  to  be  tended  from  different  floors. 

The  steam  belt  is  placed  in  the  cylindrical  part  of  the  effect.  It 
consists  of  a  ring-shaped  belt  of  several  hundred  vertical  copper  tubes 
about  5  feet  long  and  2  inches  in  diameter. 

The  warm  brine  from  the  preheating  or  settling  tanks  *  enters  the 
pan  at  different  places  in  various  makes  of  pan.  At  Silver  Springs, 
N.  Y.,  the  brine  enters  near  the  14-inch  gate  valve.  (See  fig.  5.) 
At  Del  Ray,  Mich.,  the  brine  enters  about  6  feet  above  the  salt  outlet, 
and  the  salt  is  thus  washed  with  a  solution  of  pure  brine.     At  another 

a  Speciflc  points  in  ctmstroction  are  given  In  the  descriptions  of  Individual  makes  of  pans  in  sabsegnent 
pages. 
b  Cold  brine  goes  to  the  vacuum  pan  at  one  plant  in  Ohio,  but  this  is  very  unusual. 


r 


THIRTY-FOOT  PAN  (LARGEST  IN  THE  WORLD  AND  CAPABLE  OF  PfiODUCING  IN  THIPtE 
EFFECT  1,000  TONS  OF  SALT  A  DAV).  LOWER  CONE.  STEAM  BELT.  TAPER  PLATES, 
AND  COLUMNS,  (NVEflTED  ON  EfiECTING  FLOOR.  WORKMEN  PUT  ON  TO  SHOW  PRO- 
PORTIONS.   (COURTESi'  OF  MANISTEE  IRON  WOBKS.  MANISTEE,  MICH.) 
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plant  the  brine  enters  near  the  base  of  the  pan  during  the  preliminary 
filling  but  above  the  steam  belt  after  the  operation  is  well  under  way. 
Introduction  of  the  brine  above  the  steam  belt  is  the  usual  method. 
The  brine  is  boiled  at  a  low  temperature,  depending  on  the  vacuum 
maintained,  and  as  the  salt  forms  it  falls  by  gravity  into  the  elevator 
boot  and  is  carried  by  an  endless-chain  elevator  to  the  draining  bins, 
from  which  it  is  taken  to  the  storage  bins  after  it  has  drained  a  suf- 
ficient length  of  time. 

DETAILS  OF  OPEBATION. 
MANISTEE   EVAPORATOR. 

The  details  of  operation  differ  with  the  make  of  pan  and  with  the 
individual  in  charge.  For  general  descriptive  purposes  the  manipu- 
lation of  the  Manistee  pan  has  been  selected,  as  it  is  a  type  in  common 
use.  Other  makes  are  described  subsequently.  The  steam,  either 
direct  or  exhaust,  enters  the  steam  belt  usually  but  not  always  at 
rather  low  pressure.  It  is  led  to  a  ring  surrounding  the  top  of  the 
effect,  and  thence  through  pipes  to  the  steam  belt  below.  The  con- 
densed water,  which  is  trapped  off  from  the  steam  belt  of  each  effect, 
may  be  used  in  the  manirfacture  of  artificial  ice,  in  boiling  out  the 
pans,  or  in  the  boilers  of  the  plant,  or  it  may  be  thrown  away.  It  may 
be  brackish  in  all  but  the  first  effect.  As  the  brine  boils,  the  steam  ris- 
ing from  it  in  the  body  of  the  first  effect  passes  through  a  gooseneck 
into  the  steam  belt  of  the  second  effect,  the  steam  from  the  body  of 
the  second  effect  passes  likewise  through  a  gooseneck  into  the  steam 
belt  of  the  third  effect,  and  so  on  throughout  the  series.  The  body 
of  the  last  effect  is  connected  with  a  vacuum  pump,  and  the  vapor  is 
condensed  by  a  jet  condenser,  thus  helping  to  maintain  the  vacuum. 
Theoretically,  the  vacuum  produced  by  the  pump  at  the  beginning 
of  the  operation  ought  to  be  kept  up  by  the  condensation  caused  by 
the  flowage;  the  working  efficiency  is,  however,  not  perfect,  and  the 
vacuum  pump  is  operated  all  the  time.  The  condensing  water  is 
usually  allowed  to  go  to  waste,  but  at  some  plants  a  use  is  foimd  for 
it,  such  as  dissolving  the  salt  imdergroimd.  Its  temperature  is  low, 
80°  to  90°  F.,  so  that  not  much  heat  is  lost,  and  it  is  usually  brackish. 

The  vacuum  in  the  body  of  a  single  effect,  measured  in  inches  of 
mercury,  ranges  from  25  to  28  inches.  At  one  plant  where  triple 
effects  are  used  the  vacuums  in  the  first,  second,  and  third  effects 
were  15,  24,  and  27  inches,  and  at  another  14, 18  to  20,  and  28  inches, 
the  water  in  the  effects  boihng  at  correspondingly  low  temperatures. 
The  aim  is  to  maintain  in  the  last  effect  a  vacuum  as  nearly  perfect 
as  practicable.  As  the  degree  of  exhaustion  decreases  progressively 
from  the  last  to  the  first  effect  the  brine  boils  at  the  highest  temper- 
ature in  the  first  effect  and  at  increasingly  lj)wer  temperatures  in  the 
others. 
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As  the  solution  boils  it  is  in  constant  circulation,  which  may  bo 
assisted  by  a  revolving  wheel,  which  creates  a  downward  cxurent  and 
consequently  a  return  upward  current  through  the  copper  flues  in 
the  steam  belt.  Thus  salt  crystals  formed  in  the  brine  as  it  passes 
through  the  flues  are  carried  by  the  propeller  and  gravity  downward 
toward  the  boot. 

As  there  is  a  constant  tendency  for  the  copper  flues  to  become 
clogged  with  salt  the  pans  are  boiled  out  frequently  in  order  to  keep 
the  heating  surface  of  the  flues  perfectly  clean  and  at  their  maximum 
efficiency.  The  brine  drawn  from  the  pan  before  boiling  out  goes 
either  back  to  the  settlers  or  to  another  pan.  As  bittern  is  formed 
rapidly  in  the  vacuxmi-pan  process  the  brine  becomes  impure  after  a 
few  admixtures  with  such  residual  liquors  and  has  to  be  entirely 
discarded  at  intervals. 

The  boiling  out  is  usually  done  with  fresh  water  once  or  twice  a  day 
to  twice  a  week,  the  frequency  depending  in  general  on  the  rate  of 
operation*  At  less  frequent  intervals,  depending  on  the  amount  of 
gypsum  in  the  brine  and  the  rate  of  operation,  the  pans  are  cooled  and 
the  gypsum  scale  is  removed  from  the  copper  tubes  in  the  steam  belt, 
usually  by  boiler-tube  cleaners  operated  by  compressed  air.  Scaling 
and  boiling  out  are  essential  to  keeping  the  pans  at  their  maximum 
efficiency.  Calciimi  sulphate,  gypsimi,  or  plaster,  as  it  is  variously 
called,  is  one  of  the  main  difficulties  with  which  the  salt  manufac- 
turer has  to  contend,  and  it  is  carried  in  greater  or  less  amoimt  by 
the  brines  of  nearly  all  the  important  salt  fields.  It  causes  interrup- 
tion to  the  process  and  laborious  cleaning  out,  and  it  not  only  entails 
great  loss  of  heat  because  of  its  low  conductivity  but  it  also  causes 
the  overheating  of  any  metal  exposed  to  direct  fire.  After  a  pan  has 
been  boiled  out  it  sometimes  makes  salt  that  is  not  completely  soluble 
in  water  or  is  otherwise  imsatisfactory.  Therefore,  the  first  few 
dumps  of  salt  made  after  a  pan  has  been  boiled  out  are  usually  not 
first  class.  If  a  pan  makes  off-color  salt  or  salt  that  gives  a  cloudy 
brine  it  may  be  necessary  to  boil  out  more  frequently  or  perhaps  to 
change  brine. 

The  salt  as  it  forms  settles  into  the  lower  part  of  the  effect  and  into 
the  elevator  boot.  As  the  brine  in  an  effect  is  imder  a  partial  vacuum 
the  level  of  the  brine  in  the  elevator  housing  above  the  boot  is  lower 
than  that  in  the  pan.  (See  fig.  4.)  The  salt  passes  through  the 
brine  in  the  elevator  housing  in  the  endless  bucket  conveyor,  which 
is  usually  inclined  (see  fig.  4),  though  at  one  Ohio  plant  it  is  vertical, 
claim  being  made  that  this  arrangement  saves  wear  and  tear.  The 
salt  is  conveyed  in  the  elevator  either  to  bins  with  false  bottoms,  in 
which  it  is  allowed  to  drain,  or  to  a  centrifuge,  by  which  the  excess 
of  moisture  is  removed.  The  dry  salt  is  then  conveyed  to  the  storage 
bins.    The  drippings  are  usually  returned  to  the  pan. 
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Another  modification  of  the  vacuum  pan,  used  at  a  few  plants  in 
the  United  States,  is  distinguished  by  the  method  of  discharging  salt 
from  the  bottom  of  the  pan.  (See  fig.  5).  The  peculiar  feature  of 
this  pan  is  the  discharge  valve,  through  which  the  operator  can  draw 
off  the  bittern  with  each  dump  of  salt.  When  the  pan  is  being 
operated,  the  discharge  valve  is  closed  and  the  gate  valve  is  open. 
After  the  dischaige  chamber  has  been  filled  with  salt  the  gate  valve 
is  closed  and 'the  discharge  valve  below  is  opened.  In  this  manner 
the  salt  and  the  bittern  are  removed  without  loss  of  vacumn  in  the 
pan,  the  discharge  chamber  playing  a  r61e  similar  to  that  of  an  air 
lock  in  the  pneumatic  method  of  excavation.  By  this  arrangement 
the  salt  may  be  dumped  4  or  5  times  an  hour  or  about  100  times 
a  day.  The  mixture  from  the  discharge  chamber  runs  into  a  cen- 
trifuge, by  which  the  moisture  is  reduced  to  the  practical  minimum, 
the  mother  liquor  running  to  the  sewer.  The  salt  is  then  ready  for 
the  next  stage  in  the  process  of  preparation  for  market. 

OTHBB  TYPES  OF  EVAPOBATOBS. 

In  1916,  the  author  visited  many  plants  making  single  and  multiple 
effect  salt  evaporators.  If  a  personal  visit  was  not  practicable, 
information  was  requested  by  letter  as  to  special  types  of  evaporators. 
Brief  descriptions  of  the  different  types  follow.  Some  descriptions 
have  been  obtained  from  catalogs  issued  for  public  circulation,  and 
others  have  been  abstracted  from  a  report  by  Cole.**  It  is  requested 
that  manufacturers  communicate  with  the  writer, if  they  make  a  salt 
evaporator  of  a  type  different  from  any  described  in  this  report. 
Information  from  manufacturers  regarding  corrections  to  the 
descriptions  of  their  special  makes  wiU  be  gratefully  received  for 
future  editions  of  this  report,  if  such  are  issued. 

LILLIE  EVAPORATOR. 

Certain  manufacturers  of  salt  use  a  type  of  Lillie  quadruple-effect 
evaporator  that  differs  in  several  respects  from  the  above  described 
type  and  which  has  been  developed  from  the  evaporator  used  in  the 
evaporation  of  sirup  from  cane  juices.  (See  PL  XVIII.)  Some  of  its 
distinctive  points  are  film  evaporation  and  mechanical  circulation, 
the  manner  of  distributing  the  circulating  Uquors  over  the  horizontal 
imsubmerged  evaporating  tubes,  and  the  reversal  at  will  of  the  course 
of  the  vapors  or  the  heat  through  the  multiple  effect. 

The  effects  have  the  form  of  cast-iron  horizontal  drums  set  side 
by  side  with  the  steam  end  of  one  adjacent  to  the  vapor  end  of  the 
next,  the  copper  tubes  that  provide  the  heating  surfaces  being  set 

oCole,  L.  H.,  The  salt  deposits  of  Cuiada  and  the  salt  indtistry:  Canada  Department  of  MlBee,  MlnaB 
ranch,  1915,  pp.  134-125. 
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near  one  end  of  each  effect.*  The  steam  is  trapped  from  the  steam 
end  of  the  first  effect  to  the  steam  end  of  the  second  and  mixes  there 
with  the  steam  evaporated  from  the  brine  of  the  first  effect.  The 
steam  in  the  third  effect  is  suppUed  by  steam  trapped  from  the  steam 
end  of  the  second  and  the  vapor  from  the  second,  and  so  on.  The 
vapor  end  of  the  last  effect  is  connected  with  a  condenser  and  this 
in  tmn  with  a  vacuum  pump  used  to  start  the  apparatus  and  to 
remove  occluded  air  or  gas  from  the  brine.  The  brine  and  salt  are 
moved  by  a  centrifugal  pump  set  in  the  middle  of  the  apparatus  on  a 
horizontal  shaft  that  extends  throughout  the  entire  length  of  the 
apparatus  and  carries  connected  with  the  hopper  of  each  effect  smaller 
centrifugal  pumps  that  agitate  the  brine  in  its  effect  but  do  not  move 
it  forward.  The  salt  carried  with  the  brine  exerts  on  the  apparatus 
a  scouring  action  which  keeps  it  free  from  scale. 

Another  aid  in  keeping  the  apparatus  clean  is  the  periodical  reversal 
of  the  flow  of  steam  and  brine,  by  which  the  first  effect,  which  is 
imder  one  set  of  conditions  the  hottest,  becomes  the  coolest  and  the 
last  effect  becomes  the  hottest.  The  salt  and  brine  ordinarily  go  from 
the  first  effect  to  the  adjacent  settler,  from  which  the  brine  and 'some 
of  the  salt  go  to  the  second  effect,  but  they  inay  go  immediately  to  the 
second  effect  and  so  on  to  the  end  of  the  apparatus.  Thus  the  salt 
produced  in  all  effects  may  circulate  in  the  last  effect  and  cause  con- 
siderable scouring.  Each  effect  draws  sufficient  brine  from  the  brine 
line  to  keep  the  brine  in  the  effect  at  the  proper  leveL 

Some  descriptive  details  abstracted  from  a  prospectus  issued  by 
the  company  making  the  apparatus  follow: 

The  evaporating  tubes  incline  slightly  downward  toward  the  steam 
end  and  open  through  the  heavy  tube-plate  partition,  in  which  they 
are  firmly  expanded  without  annealing  and  by  which  they  are  sup- 
ported. The  other  ends  of  the  tubes  are  closed,  save  for  a  small  air 
vent  in  each,  and  are  not  fastened  or  supported,  thus  being  free  to 
expand  or  contract  independently  of  the  shell  of  the  effect.  The  cen- 
trifugal circulating  pump  underneath  and  midway  between  the  ends 
of  the  evaporator  is  sometimes  omitted,  in  which  case  the  liquor  rises 
in  the  body  sufficiently  to  float  the  feed-valve  ball  float  that  regulates 
the  feed  into  the  body.  In  a  multiple  effect  the  steam  condensed 
inside  the  tubes  flows  into  the  steam  end  and  thence  through  a  steam 
trap  into  the  steam  end  of  the  next  cooler  effect  and  finally  into  the 
atmosphere  from  the  coolest  effect.  The  solution  circulates  over  the 
tubes  in  a  deluging  shower  maintained  by  the  centrifugal  pump. 
The  circulation  is  independent  of  ebullition. 

The  perforated  distributing  plate  above  the  tubes  is  formed  in 
sections  for  convenience  in  handling.    Above  each  vertical  row  of 

o  Ycong,  C.  H.,  Notes  on  the  evaporated  salt  industry  o(  Kansas:  Eng.  and  Min.  Jour.,  vol.  88,  Sei^t. 
18, 1009,  pp.  658-Ml. 
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tubes  it  has  one  row  of  holes,  three-eighths  inch  and  greater  in 
diameter.  The  heavy  flow  of  solution  down  the  surface  of  the  tube 
plate  through  the  inch  space  between  the  distributing  plate  and  the 
tube  plate  prevents  matter  from  caking  on  the  tube  plate,  and  the 
flow  of  solution  through  the  inch  spaces  on  either  side  of  the  tube 
plate  prevents  clogging  of  the  perforated  plate  by  particles  of  scale 
and  other  solids.  This  foreign,  matter  is  discharged  from  each  effect 
with  the  liquor  and  is  finally  discharged  from  the  last  effect. 

The  circulation  of  both  vapors  and  brine  or  of  either  alone  may  be 
reversed.  Reversal  of  either  permits  taking  the  dilute  solution  into 
the  coolest  effect  and  delivering  it  concentrated  from  the  hottest 
effect  when  desirable;  that  is,  when  a  Uquid  is  to  be  concentrated  to  a 
high  density. 

BBEOHT  SALTINQ   EVAPORATOR.** 

The  Brecht  salting  evaporator  is  manufactiu*ed  by  the  Brecht  Co., 
St.  Louis,  Mo.    It  can  be  operated  in  either  single  or  multiple  effect 
as  required. 

It  consists,  essentially,  of  three  parts — the  evaporator  shell,  the 
heating  chamber,  and  the  salt  filter.     (See  PI.  XIX.) 

EVAFOBATOR  SHELL. 

The  evaporator  shell  is  generally  made  of  steel  and  is  cylindrical, 
with  domed  top  and  cone-shaped  bottom.  Suitable  observation  ho^es 
and  a  water  gage  are  attached  to  the  cylindrical  body,  and  an  air-tight 
manhole  is  placed  near  the  top. 

HEATINO  CHAMBER. 

The  heating  chamber  is  one  of  the  essential  features  of  the  Brecht 
evaporator.  It  consists  of  a  steam  drum  in  which  a  number  of  steel 
or  copper  tubes  are  placed  vertically.  These  tubes  allow  the  brine 
in  the  evaporating  chamber  to  circulate  freely  to  the  conenshaped 
bottom  and  to  return  again  to  the  upper  part  of  the  evaporator. 
The  drum  is  cylindrical  and  fits  within  the  steel  shell,  where  it  is 
suspended  on  lugs  attached  to  the  side.  The  steam,  from  which  the 
heat  is  obtained,  enters  the  top  of  the  drum,  and,  by  a  series  of  baffle 
plates  so  arranged  that  the  direction  of  the  steam  travel  is  at  right 
angle  to  the  tubes,  all  the  tubes  are  heated  equally.  The  steam  is 
thus  constantly  in  circulation  until  it  condenses  and  is  drawn  off  by 
suitable  means  from  the  bottom  of  the  drum.  The  tubes  are  made 
of  either  steel  or  copper,  as  required,  and  are  4  inches  in  diameter, 
the  large  bore  obviating  clogging  as  the  salt  crystals  form. 

o  Cole,  L.  H.,  TiM  salt  deposits  of  Canada  and  the  salt  indostry:  Canada  Department  of  Mines,  UioM 
Branch,  1916,  pp.  124-136. 
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SALT  FILTER. 


The  salt  filter  is  so  constructed  that  the  crystals  of  salt  may  be 
removed  at  any  tune  without  interfering  with  the  process  of  evapo- 
ration. Connections  are  provided  on  the  filter  so  that  steam  or  air 
may  be  introduced  into  the  salt  for  washing  out. the  Uquor  and  dry- 
ing the  salt.  The  salt  filters  are  built  of  cast  iron  and  the  filtering 
medium  is  composed  of  perforated-brass  sheets  and  fine  brass-wire 
cloth.  Plate  XIX  gives  an  idea  of  the  appearance  of  a  single-effect 
evaporator  of  this  tyipe, 

OEANEY  VACUUM  PAN.** 

The  Craney  type  of  steam-vacuum  pan  (PI.  XX)  for  the  manu- 
facture of  salt,  with  modifications  or  improvements,  is  now  being 
made  at  the  Bay  City  Iron  Co.,  of  Bay  City,  Mich.  (The  Man- 
istee Iron  Co.,  of  Manistee,  Mich.,  also  make  a  type  of  the  Craney 
pan.)  It  is  constructed  of  steel  plate  with  a  conical  top  and  bot- 
tom and  a  steam  belt,  just  above  the  conical  bottom,  of  such  con- 
struction as  to  produce  rapid  circulation  of  the  brine  in  the  pan. 
To  the  lower  cone  is  connected  a  cast-iron  conduit,  in  which  is  oper- 
ated an  endless  chain  for  the  continuous  discharge  of  the  salt  as  it 
is  formed.  Connected  with  the  upper  cone  is  a  cast-iron  vapor  pipe 
leading  to  a  jet  condenser.  The  apparatus  is  erected  at  a  sufficient 
elevation,  and  the  brine  is  carried  in  the  pan  sufficiently  high  to  seal 
the  vacuum  in  the  open  elevator.  A  pan  of  this  type  with  a  diam- 
eter of  8  feet  is  said  to  be  sufficient  to  turn  out  about  400  barrels 
of  salt  per  day  when  normal  brine  is  used. 

OSCAB  KBENZ  PAN. 

A  standard  type  of  pan,  known  as  the  Oscar  Krenz  pan,  has  cast-iron 
Steam  belts  and  riveted  tubes.  The  salt  precipitates  into  a  conically 
shaped  bottom,  and  at  certain  intervals  it  drops  into  another  recep- 
tacle holding  about  500  pounds  of  salt.  Thence  it  goes  to  a  screw 
conveyor,  which  takes  it  to  a  centrifugal  machine.  The  mother 
liquor  is  then  run  back  to  the  supply  tank.     (See  PI.  XXI.) 

A  quadruple  effect  is  in  use  by  one  of  the  firms  making  salt  on  the 
Pacific  coast. 

SWENSON  EVAPORATOR.* 

Construction. — ^The  Swenson  evaporator  (fig.  6)  consists  of  four 
essential  parts — ^the  evaporating  chamber,  the  steam  chest,  the 
cone-shaped  bottom,  and  the  barometric  leg.  The"  evaporating 
chamber  is  dome  shaped  and  of  sufficient  height  to  prevent  loss  by 

«  Craney,  Thomas,  U.  S.  Patent  No.  fi36757,  ^Oed  Sept.  U,  18M,  and  No.  SSM12,  dated  Jan.  1, 180ft. 
»  Cole,  L.  H.,  The  salt  deposits  of  Canada  and  the  salt  industry:  Canada  Department  of  Minea,  Mines 
Branch,  1915,  pp.  iaO-122. 
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entrainment.  The  steam  chest  is  fitted  at  the  top  and  bottom  with 
tube  plates,  into  which  are  expanded  a  number  of  2J-inch  copper 
tubes.  The  downtake  is  in  the  center  of  the  steam  chest,  and  is  of 
sufficient  size  to  prevent  the  clogging  of  the  salt  crystals  as  they  are 
formed.  The  brine  circulates  up  through  the  copper  tubes  and  down 
the  central  downtake.    The  salt  crystals,  as  formed,  drop  into  the 


FiouBX  6.— SwwiaoD  triple-eflect  eyaporator. 

quieter  part  of  the  cone-shaped  bottom,  through  the  barometric  leg 
into  the  boot  of  an  inclosed  elevator,  which  drops  them  into  tb^ 
drying  bin. 


OPBILiTION. 


The  operation  of  an  evaporator  of  this  type  is  continuous.  Suit- 
able means  are  provided  for  the  removal  of  the  inclosed  gas  in  the 
steam  chest  as  well  as  the  condensed  steam.  The  evaporatois  can 
be  operated  either  in  single  or  multiple  effect. 
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quieter  part  of  the  cone-shaped  bottom,  through  the  barometric  leg 
into  the  boot  of  an  inclosed  elevator,  which  drops  them  into  the 
drying  bin. 

OPBRATION. 

The  operation  of  an  evaporator  of  this  type  is  continuous.  Suit- 
able means  are  provided  for  the  removal  of  the  inclosed  gas  in  the 
steam  chest  as  well  as  the  condensed  steam.  The  evaporatorB  can 
be  operated  either  in  single  or  multiple  effect. 
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SANBORN   EVAPORATOR. 

The  following  description  of  the  Sanborn  evaporator  (fig.  7)  is 
taken  from  Cole's  report,** 

CONSTRUCTION. 

The  general  construction  of  these  evaporators  consists  of  evaporating  shell,  heating 
element,  cone-shaped  bottom,  and  salt  filter. 

The  essential  difference  in  this  make  of  evaporator  is  in  the  heating  element.  The 
steam  by  which  the  brine  is  heated  circulates  inside  the  tubes,  with  the  brine  outside 
the  same,  instead  of  the  brine  within  the  tubes.  The  heating  surface  is  composed  of 
tubes  2  inches  in  outdde  diameter.  No.  16  Stubb's  wire  gage,  of  seamless  drawn 
copper  (or  other  metal,  as  required),  having  their  lower  or  open  end  rigidly  expanded 
to  tiie  full  thickness  (2^  inches)  of  the  main  tube  sheet.  The  upper  end  of  each  tube 
is  seamlessly  closed,  and  projects  entirely  free  into  the  brine  compartment  of  the 
evaporating  chamber.  The  tubes,  as  usually  supplied,  have  4  feet  of  exposed  tube 
above  the  upper  face  of  the  main  tube  sheet. 

The  inner  tubes,  whose  function  is  the  Continuous  removal  of  all  air  and  noncon- 
densible  gases  immediately  upon  their  separation,  are  of  i-inch  brass  tube,  iron-pipe 
size,  and  extend  to  the  extreme  top  of  each  heating  tube.  The  lower  extremity  of 
each  inner  tube  is  connected  to  the  secondary  tube  sheet  by  either  a  reverse  brass 
bushing  or  a  special  shaping  of  the  tube  itself. 

The  assembly  of  these  inner  tubes  in  the  apparatus  is  extremely  simple;  the  tube 
being  entered  from  below,  with  the  tube  sheet  in  position,  until  the  bushing  or  ex- 
panded portion  of  the  tube  reaches  the  coimterbored  lower  face  of  the  secondary 
tube  sheet,  and  is  then  screwed  solid  with  a  brace  carrying  a  screw  driver  or  socket- 
wrench  attachment.  All  the  inner  tubes  open  into  a  shallow  compartment  beneath 
the  secondary  tube  sheet,  and  the  eliminated  air  and  gases  are  immediately  delivered 
into  the  steam  chamber  of  the  next  effect.  The  condensation  formed  on  the  heating 
surface  is  released  as  soon  as  formed,  falling  from  the  mouth  of  each  open,  vertical, 
heating  tube,  onto  the  secondary  tube  sheet,  from  where  it  is  withdrawn  by  suitable 
means. 

The  main  tube  consists  of  a  cone-shaped  cast-iron  sheet,  2^  inches  thick,  while 
the  secondary  tube  sheet  is  of  the  same  cone  shape,  but  only  1}  inches  thick,  and  is 
also  made  of  cast  iron. 

The  salt  filter  is  furnished  with  a  quick-detachable  strainer,  which  can  be  with- 
drawn in  an  instant,  if  necessary;  although,  in  general  operation,  this  strainer  remains 
constantly  in  position. 

OPERATION. 

The  steam  is  delivered  into  the  steam  chamber  or  calandria,  which  it  completely 
and  uniformly  fills,  and  ascends,  by  the  natural  tendency  of  heat  to  rise,  into  the  open 
end  of  each  heating  tube  equally.  The  natural  circulation  of  the  steam  in  a  vertical 
direction,  inside  of  each  tube,  is  materially  facilitated  by  the  immediate  condensation 
in  each  tube,  and  further  assisted  by  the  upward  ciurrent  induced  by  the  continuous 
withdrawal  of  the  air  and  noncondensible  gases  from  the  highest  points. 

In  this  type  of  evaporator  the  brine  is  all  outside  of  the  heating  tubes,  and  no  down- 
take  is  used.  The  sharp-coned  bottom  permits  the  crjrstallized  salt  as  formed — ^under 
the  influence  of  its  own  weight  and  in  the  presence  of  the  violent  agitation  of  the 
boiling  brine — ^to  ail  drop  to  the  lowest  part  of  the  cone,  thence  to  fail  directly  into  the 

salt  filters,  whence  it  is.  removed  as  needed. 

— —  ■ — — — ^ — j'  — _ 

a  Cole,  L.  H.,  Repoit  on  the  salt  deposits  of  GaDada  and  the  salt  indiistry:  Canada 
Uines  Branch,  1916,  pp.  127-129. 
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WHEBLEB  BVAPORATOBS. 

Wheeler  evaporators  (fig.  8)  and  multiple  effects  with  standard, 
vertical-tube  calaQdrias  are  best  known  in  the  sugar  industry,  where 
many  are  in  service. 

The  pan  of  each  vessel  is  usually  of  cast  iron  with  a  dish-shaped 
bottom,  above  which  is  the  steam-belt  course,  and  above  this,  the 
courses  forming  the  vapor  space  and  dome.  Above  the  dome  is  a 
catch-all,  which  retmns  the  unevaporated  liquid  entrained  in  the 
vapor  to  the  boiling  space.  The  steam  belt  contains  the  calandria, 
which  consists  of  vertical  tubes  2  to  3  inches  in  diameter,  secured  into 
horizontal  circular  tube  plates.  Steam  circulates  on  the  outside  of 
the  tubes,  and  the  liquid  to  be  concentrated  boils  within  the  tubes. 
The  circulation  of  the  liquid  is  upward  through  the  tubes  and  down- 
ward through  the  downtakes. 

In  the  evaporation  of  salt  solutions  particular  attention  is  given  to 
the  removal  of  crjrstals.  These  are  thrown  down  from  concentrated 
solutions  and  must  be  removed  continuously.  Removal  is  accom- 
plished by  dupUcate  filter  boxes,  or  by  a  long  settling  leg  provided 
with  a  strainer  and  a  continuous  carrier. 

The  vertical  tubes  of  a  calandria  are  deaned  periodically,  the 
intervals  between  cleanings  depending  on  the  service.  Often,  as  in 
sugar  houses,  the  tubes  are  treated  with  diluted  solutions  of  acids, 
which  soften  and  loosen  the  scale.  A  wire  brush,  rotated  by  an 
external-air  motor,  is  then  run  through  the  tubes,  or  a  turbine  cleaner 
is  used,  similar  to  that  used  for  cleaning  water-ttibe  boilers.  For 
steel  calandria  tubes  a  cutter  head  is  used,  and  for  copper  tubes  a 
thin  wire  brush  head. 

Vacuirai  or  strike  pans  are  built  with  horizontal  copper  coils,  as  well 
as  with  tubes  as  described. 

ZABEMBA  CEYSTALLIZING   EVAPORATOR.* 

CONSTRUCTION. 

The  Zaremba  crystallizing  evaporator  consists  of  two  parts:  (1) 
The  evaporator  body,  in  which  the  evaporation  occurs,  and  (2)  the 
salt  filter  underneath,  by  means  of  which  the  precipitated  crystals 
are  separated  from  the  concentrated  liquor,  washed  clean,  and 
removed  from  the  system. 

HEATINO  SURFACE. 

The  shell  of  the  evaporator  body  is  built  of  heavy  cast  iron  or  steel. 
Its  lower  part,  below  the  heating  surface,  consists  of  a  cone  into 
which  the  salt  is  precipitated  and  f  unneled  into  the  salt  filter  below. 

0  Data  ftuniabed  through  the  coartesy  of  Edward  Zaremba  of  the  Zaremba  Co. 
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Mounted  within  the  shell  immediately  above  the  cone  is  the  cylindrical 
steam  chest;  fitted  at  top  and  bottom  with  disked  heads  of  steel  into 
which  2-inch  charcoal-iron  tubes  are  expanded.  The  fastening  of  the 
steam  chest  in  the  shell  is  effected  by  means  of  a  special  design.  The 
tubes  are  slightly  inclined  fr^m  the  vertical  to  facilitate  circulation 
and  prevent  possible  loss  of  liquor.  Copper  tubes  may  be  used  for 
corrosive  liquids. 

CIUOULATION. 

The  downtake  is  an  annular  opening,  widest  at  the  bottom,  extend- 
ing entirely  around  the  steam  chest.  Qrculation  of  liquor  is  upward 
through  the  tubes,  outward  toward  the  top  of  the  downtake,  down- 
ward between  the  steam  chest  and  the  exterior  shell,  and  then  inward 
to  the  lower  end  of  the  tubes.  This  action  produces  a  ready  separa- 
tion of  the  salt  crystals  from  the  boiling  liquor,  throwing  them  into  a 
zone  of  quiet  in  the  conical  bottom  and  thence  into  the  salt  filter. 

SALT  FILTER. 

The  filter  consists  of  a  cylindrical  chamber  fitted  with  a  filter  screen 
placed  close  to  the  bottom.  At  the  front  and  immediately  above  the 
screen  is  a  swinging  door  through  which  the  separated  salt  is  removed. 
The  conditions  inside  can  be  observed  through  the  sight  glass.  Wash 
water  ia  introduced  through  perforated  pipes  mounted  tmder  the  top 
cover  of  the  filter.  Vacuum  and  liquor  pumps  connected  to  the 
system  are  adequate  to  provide  for  all  requirements. 

METHOD  OF  OPERATION. 

Evaporator. — ^The  brine  or  weak  liquor  enters  the  first  effect  at  the 
top  of  the  cone  and  flows  to  the  base  of  the  steam  chest.  By  the 
action  of  the  vapor  generated  in  the  tubes  and  the  pressure  exerted 
by  the  liquor  in  the  downtake,  a  vigorous  movement  is  set  up 
within  the  tubes  (about  30  feet  per  second),  inducing  rapid  heat 
transmission  and  effective  scouring  action  on  the  tube  interiors. 
Owing  to  the  large  area  of  the  downtake  the  return  flow  to  the  bot- 
tom of  the  steam  chest  is  slow  (about  3  feet  per  second  or  less), 
allowing  the  crystals  formed  during  the  concentration  to  separate 
from  the  liquor  and  drop  gently  into  the  zone  of  unagitated  liquor 
contained  in  the  cone.  The  heavy  liquor  carrying  these  suspended 
crystals  flows  out  through  the  plug  cock  at  the  tip  of  the  cone  and 
into  the  salt  filter. 

FlUer. — ^A  liquor  line  connects  the  bottom  outlet  of  the  filter  to 
the  liquor  inlet  of  the  second  effect,  which,  being  under  a  higher 
vacuum,  draws  the  liquor  through  the  filter  and  into  itself  by  suc- 
tion. The  suspended  crystals  are  left  behind  on  the  filter  screen, 
where  they  are  allowed  to  acciunulate  tmtil  the  salt  filter  is  filled,  as 
indicated  by  a  sight  glass.    The  connection  between  the  evaporator 
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and  the  filter  is  now  shut  off  by  closmg  the  plug  cook  between,  and 
after  the  heavy  liquor  has  been  drawn  off  the  contents  of  the  filter 
are  washed  with  weak  liquor,  hot  water,  and  steam.  The  c(Hmec- 
tion  to  the  second  effect  is  then  closed,  the  discharge  door  of  the 
filter  is  opened,  and  the  thoroughly  witshed  crystals  are  removed  in 
an  approximately  dry  condition. 

After  the  filter  has  been  emptied  its  door  is  closed  and  the  con- 
tained air  is  removed  by  replacing  it  with  steam.  The  condensation 
of  the  steam  soon  produces  sufl&cient  vacuinn  to  pull  the  mixture  of 
Hquor  and  salt  collected  in  thfe  cone  down  into  the  filter,  when  the 
plug  cock  is  opened.  The  liquor  level  in  the  evaporator  is  again 
brought  to  standard  height  and  the  filter  is  placed  in  circuit  by 
opening  the  connection  to  the  next  effect.  Where  the  quantity  of 
salt  precipitated  is  comparatively  large  two  filters  are  attached  to 
one  evaporator  body,  thus  making  it  possible  always  to  have  one 
filter  connected  to  the  evaporator,  inasmuch  as  the  filters  are  used 
alternately.  By  either  arrangement  the  salts  are  washed  and 
removed  without  interfering  with  the  work  of  the  evaporator  above. 
If  desired,  the  crystals  can  be  dissolved  within  the  filters  and  the 
saturated  solution  removed  by  pumping. 

The  method  of  operation  in  the  second  effect  is  the  same  as  has 
been  described,  except  that  the  heavy  liquor  is  drawn  from  the 
filter  by  the  suction  of  a  piunp.  The  liquor  discharged  from  this 
pump  is  returned  to  the  second  effect  to  be  recircidated. 

These  evaporators  are  built  either  as,  single,  double,  triple,  or 
quadruple  effects,  and  are  generally  connected  in  such  a  manner 
that  any  one  of  the  bodies  can  be  cut  out  of  service  without  inter- 
fering with  the  others.  Owing  to  the  fact  that  each  body  of  a 
multiple  effect  operates  at  a  different  temperatm^,  by  proper 
manipulation  it  is  frequently  possible  to  make  a  separation  of  salts 
where  several  compoimds  are  present  in  the  solution.  Ordinarily, 
the  weak  liquor  is  fed  to  the  hottest  body  and  is  finished  in  the 
coolest  body,  but  for  some  purposes  the  flow  of  the  liquor  is  re- 
versed, thus  giving  what  is  known  as  the  '^coimtercurrent''  system 
of  working. 

By  installing  a  preheater  for  feed  liquor  a  substantial  reduction  in 
the  amoxmt  of  steam  used  is  possible.  The  evaporators  are  equipped 
with  internal  separators,  which  makes  impossible  the  carrying  over 
of  liquor  by  entrainment  as  a  result  of  careless  operation. 

The  steam  pressure  used  varies  all  the  way  from  atmospheric  to 
60  pounds  or  more,  depending  on  the  circumstances.  Ordioarily, 
direct-acting  pumps  are  furnished,  their  exhaust  being  delivered  to 
the  evaporator.  The  condenser  often  can  be  so  placed  as  to  draw 
its  own  water  by  suction. 
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MIIIUrG  OPEBATIOirS. 

The  milling  operations  outlined  below  are  generally  involved  only 
in  the  preparation  of  the  grades  of  salt  used  on  the  table  and  in  the 
dairy.  The  character  of  the  grains  of  such  salt  is  shown  in  Plate 
XXII.  The  salt  is  allowed  to  remain  in  the  storage  bins  until  it  is 
thoroughly  cured.  The  longer  it  remains  in  storage  the  less  heat  is 
required  in  subsequent  drying.  The  centrifugals  now  used  at  many 
plants  for  the  purpose  of  removing  the  brine  and  bittern  from  the 
salt  crystals  before  storage  are  highly  efficient  and  practicaDy  obviate 
the  necessity  of  subsequent  drainage  and  storage.  Where  a  coarser 
grade  than  vacuum-pan  salt  is  used  for  making  table  or  dairy  salt  it 
may  have  to  undergo  a  preliminary  crushing^ 

After  the  removal  of  as  much  moisture  as  possible  in  the  centrif- 
ugals or  bins  the  salt  is  removed  to  the  drier.  This  is  a  rotary 
cylinder  which  revolves  slowly  and  is  provided  with  steam  pipes  or  a 
steam  jacket  or  other  equipment  that  heats  the  salt  to  a  high  tem- 
perature during  its  slow  passage  through  the  machine.  At  the 
front  end  of  some  driers  there  is  an  auxiliary  steam  coil  and  a  blower 
to  force  in  hot  air  and  at  the  same  time  to  blow  out  the  lighter  impuri- 
ties, principally  gypsum  and  moisture.  Great  care  is  exercised  to 
prevent  the  dust  from  becoming  disseminated  in  the  plant;  it  is 
collected  in  an  air-tight  room  and  barreled.  A  fan  at  the  rear  end 
of  the  drier  assists  in  the  eUmination  of  the  gypsimi,  dust,  and  mois- 
ture. The  salt  after  it  has  passed  through  the  drier  may  contain  as 
Uttle  as  0.1  per  cent  moisture. 

The  salt  from  the  drier  (PI.  XXIII,  A)  is  passed  through  screens 
(PL  XXIII,  B)  to  remove  lumps  and  to  assort  the  grains  for  the  trade. 
Cylindrical  wire-mesh  scieens,  shaking  screens,  or  bolters  are  used. 
The  grains  of  various  size  are  deflected  into  hoppers  and  thence  to 
bins.  At  some  mills  the  salt  is  run  from  the  bins  to  automatic 
weighing  machines  and  into  the  cartons  in  which  it  appears  in  the 
trade.  To  render  certain  grades  of  table  salt  moisture  proof  and  to 
make  them  run  as  freely  as  possible,  a  small  amoimt— usually  not 
more  than  1  per  cent — of  some  nonhygroscopic  substance  like  mag- 
nesitun  carbonate  is  used  to  coat  the  grains. 

The  effort  throughout  the  entire  process  in  up-to-date  establish- 
ments appears  to  be  to  take  advantage  of  labor-saving  devices.  The 
salt  is  moved  by  hand  as  little  as  possible,  screw  conveyors,  elevatorsi 
and  other  mechanical  devices  being  adopted  wherever  practicable. 
The  details  of  final  manipulation  are  so  varied  at  different  establish- 
ments in  the  United  States  that  only  the  general  pn^ctice  h(ts  been 
outlined. 

98088'— 17 Bull.  146 ^9 
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OOXBISATIOjr  SALT. 

Most  salt  produced  by  the  grainer  process  has  a  loose,  light,  flaky 
texture,  though  its  character  may  be  varied  by  varying  the  tempera- 
ture and  hence  the  rate  of  evaporation  at  which  it  is  produced.  If 
sufficiently  high  steam  pressure  is  maintained,  a  rapid  ebullition  fol- 
lows and  the  salt  is  granular.  If  the  temperature  is  low,  evaporation 
takes  place  chiefly  from  the  surface  of  the  brine  and  the  salt  is  flaky 
or  flocculent.  In  other  words,  the  slower  the  rate  of  crystallization 
the  larger  the  grain  of  salt.  As  grainer  salt  has  certain  character- 
istics for  which  there  is  considerable  demand,  and  as  it  must  be  made 
slowly  in  order  to  produce  a  coarse  grain,  it  commands  a  comparatively 
high  price.  The  salt  produced  in  the  vacuum  pan  is  a  fine-grained 
or  granular  salt.  '^ Combination  salt,''  as  the  name  suggests,  is  a 
product  formed  by  combining  the  salt  made  by  the  two  processes. 

According  to  the  process  of  making  combination  salt  devised  by 
lillie  ^  the  brine  is  evaporated  in  the  vacuum  pan  in  the  usual  man- 
ner, and  the  salt  crystals  formed  fall  to  the  lower  part  of  the  conical 
chionber  below  the  steam  tubes.  The  salt  is  then  carried  with  brine 
under  pressure  through  a  pipe  to  the  grainers  in  operation  making 
grainer  salt.  The  vacuum-pan  salt,  having  been  introduced  into  the 
grainer,  falls  to  the  bottom  at  the  rear  end  of  the  grainer  and  is  moved 
forward  by  the  usual  mechanical  devices.  The  salt  produced  by 
evaporation  in  the  grainer  also  settles  to  the  bottom,  where  it  comee 
in  contact  with  the  vacuum-pan  salt.  While  the  fine  salt  from  the 
vacuum  pan  moves  forward  in  the  grainer  it  is  subject  to  the  action 
of  the  hot  brine  and  to  contact  with  the  salt  made  in  the  grainer,  and 
a  combination  grain  that  differs  in  character  from  that  of  both 
vacuum-pan  and  grainer  salt  is  produced.  The  particles  of  solid  salt 
probably  afford  centers  of  crystallization  in  the  saturated  brine. 

The  product  is  not  simply  a  mixture  of  crystals  of  various  texture 
but  is  uniform  and  peculiar  in  texture.  The  identity  of  the  fine  salt 
from  the  vacuum  pans  usually  m  quite  lost  and  the  product  approadies 
in  its  physical  diaracter  the  salt  made  by  the  opeti*pan  or  the  grainer 
process.  The  character  of  the  combination  salt  may  be  altered  by 
varying  the  proportions  of  vacuimi-pan  and  of  grainer  salt,  and  many 
different  grades  of  salt  may  also  be  made  by  varying  conditions  in  the 
grainers. 

OOMMEBOUL  STATUS  OF  PSOOSSSES. 

The  wear  and  tear  incident  to  the  operation  of  all  salt-making 
machinery  is  heavy.  Moreover,  if  a  salt  block  is  allowed  to  he  idle 
for  a  year  it  becomes  almost  ruined ;  consequently,  it  is  often  cheaper 
to  make  salt  for  a  season  without  any  profit  than  to  shut  down. 

a  LUlie,  8.  H.,  U.  8.  Patent  No.  088002,  dated  Mar.  28,  lOU. 
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Apropos  of  this  rapid  deterioration,  the  following  quotation  from  a 
letter  of  a  practicid  salt  maker  of  northern  Ohio  to  the  writer  is  worthy 
of  careful  consideration: 

Another  difficulty  in  fixing  the  exact  costs  is  this:  That  in  figuiing  costs  and  basing 
selling  prices  thereon,  some  salt  producers  do  not  provide  for  very  rapid  deterioration 
of  salt^making  apparatus,  and  it  is  unfortunate  on  that  account  and  idso  on  account  of 
overproduction  that  many  hundreds  of  thousands  of  dollars  have  been  lost  by  salt 
producers  in  recent  years. 

The  factor  of  overproduction  is  one  for  deep  consideration  by  the 
manufacturers  of  salt  in  the  United  States.  During  the  work  of  the 
writer  in  the  different  salt  fields  of  the  country,  especially  in  the 
Eastern  States,  during  1911  and  1912,  the  consensus  of  opinion  seemed 
to  be  that  a  great  deal  more  salt  was  being  produced  than  could  be 
marketed,  estimates  of  the  overproduction  ranging  from  20  to  as  high 
as  60  per  cent.  The  facts  that  large  up-to-date  plants  at  many  places 
were  not  working  at  full  capacity  and  that  some  were  working  only 
half  time  or  at  half  capacity,  while  others  were  temporarily  closed 
awaiting  a  better  market  or  closed  With  no  apparent  prospect  of 
reopening,  present  a  significant  situation  to  those  planning  to  enter 
the  business.  According  to  one  ojwrator,  "if  the  demand  were 
doubled  at  present  (Sept.  15,  1911)  there  would  be  ample  apparatus 
in  the  United  States  to  care  for  it  and  for  a  large  surplus  on  hand.'' 
This  operator  spoke  presumably  of  the  eastern  half  of  the  United 
States,  and  the  plant  that  he  was  connected  with  was  working  at 
only  half  its  capacity.  A  similar  situation  must  have  existed  some 
30  years  ago,  for  in  1888  Chatard^  said:  "The  present  plants  are 
able  to  furnish  a  supply  much  larger  than  can  find  a  fairly  profitable 
market."  He  began  his  report  on  salt-making  processes  in  the 
United  States,  with  the  following  statement: 

The  various  elements  which  go  to  make  up  the  cost  of  an  article  of  commerce  are 
found  exemplified  in  the  simplest  and  clearest  manner  in  the  salt  industry.  The  raw 
material,  the  brine,  has  no  other  value  than  that  given  it  by  the  cost  of  sinking  the 
well  and  piunping;  the  fuel  used  is,  so  far  as  practicable,  unsalable  refuse;  the  machin- 
ery is  of  the  simplest  character,  there  being  but  little  opportunity  for  the  use  of  labm** 
saving  devices;  manual  labor,  mostly  of  a  comparatively  unskilled  diaracter,  is 
almost  exclusively  employed;  and  the  handling,  transportation,  and  distribution  of 
the  product  are  effected  in  the  cheapest  manner,  the  foreign  article  being  to  a  large 
extent  brought  in  as  ballast  and  sold  at  rates  but  little  above  those  at  the  port  of  ship- 
ment. 

Gveat  changes  have  been  wrought  in  the  salt-making  industry  in 
25  years  and  it  is  interesting  to  contrast  the  present  (1915)  situation 
with  that  existing  when  Chatard^  paper  was  written.  It  is  doubt- 
less still  true  that  the  brine,  the  raw  material  from  which  all  the 
evaporated  salt  is  obtained^  has  no  other  value  than  that  given  it  by 

o  Chatard,  T.  H.,  Salt-making  jvooesaes  in  Uie  United  States:  U.  S.  Oeol.  Surrey  Seventh  Ann.  Rept., 
1888,  p.  497. 
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Apropos  of  this  rapid  deterioration,  the  following  quotation  from  a 
letter  of  a  practicid  salt  maker  of  northern  Ohio  to  the  writer  is  worthy 
of  careful  consideration: 

Another  difficulty  in  fixing  the  exact  costs  is  this:  That  in  figuring  costs  and  basing 
selling  prices  thereon,  some  salt  producers  do  not  provide  for  very  rapid  deterioration 
of  salt^making  apparatus,  and  it  is  unfortunate  on  that  account  and  also  on  account  of 
overproduction  that  many  hundreds  of  thousands  of  dollars  have  been  lost  by  salt 
producers  in  recent  years. 

The  factor  of  overproduction  is  one  for  deep  consideration  by  the 
manufacturers  of  salt  in  the  United  States.  During  the  work  of  the 
writer  in  the  different  salt  fields  of  the  country,  especially  in  the 
Eastern  States,  during  1911  and  1912,  the  consensus  of  opinion  seemed 
to  be  that  a  great  deal  more  salt  was  being  produced  than  could  be 
marketed,  estimates  of  the  overproduction  ranging  from  20  to  as  high 
as  50  per  cent.  The  facts  that  large  up-to-date  plants  at  many  places 
were  not  working  at  full  capacity  and  that  some  were  working  only 
half  tinoe  or  at  half  capacity,  while  others  were  temporarily  closed 
awaiting  a  better  market  or  closed  With  no  apparent  prospect  of 
reopening,  present  a  significant  situation  to  those  planning  to  enter 
the  business.  According  to  one  ojwrator,  "if  the  demand  were 
doubled  at  present  (Sept.  15,  1911)  there  would  be  ample  apparatus 
in  the  United  States  to  care  for  it  and  for  a  large  surplus  on  hand.'' 
This  operator  spoke  presumably  of  the  eastern  half  of  the  United 
States,  and  the  plant  that  he  was  connected  with  was  working  at 
only  half  its  capacity.  A  similar  situation  must  have  existed  some 
30  years  ago,  for  in  1888  Chatard^  said:  "The  present  plants  are 
able  to  furnish  a  supply  much  larger  than  can  find  a  fairly  profitable 
market/'  He  began  his  report  on  salt-making  processes  in  the 
United  States,  with  the  following  statement: 

The  various  elements  which  go  to  make  up  the  cost  of  an  article  of  commerce  are 
found  exemplified  in  the  simplest  and  clearest  nuumer  in  the  salt  industry.  The  raw 
material,  the  brine,  has  no  other  value  than  that  given  it  by  the  cost  of  winkipg  the 
well  and  pumping;  the  fuel  used  is,  so  far  as  practicable,  unsalable  refuse;  the  machin- 
ery is  of  the  simplest  character,  there  being  but  little  opportunity  for  the  use  of  labor- 
saving  devices;  manual  labor,  mostly  of  a  comparatively  unskilled  diaracter,  is 
almost  exclusively  employed;  and  the  handling,  transportation,  and  distribution  of 
the  product  are  effected  in  the  cheapest  manner,  the  foreign  article  being  to  a  large 
extent  brought  in  as  ballast  and  sold  at  rates  but  little  above  those  at  the  port  of  ship- 
ment. 

Gveat  changes  have  been  wrought  in  the  salt-making  industry  in 
25  years  and  it  is  interesting  to  contrast  the  present  (1915)  situation 
with  that  existing  when  Chatard's  paper  was  written.  It  is  doubt- 
less still  true  that  the  brine,  the  raw  material  from  which  all  the 
evaporated  salt  is  obtained,  has  no  other  value  than  that  given  it  by 

a  Chatard,  T.  M.,  Salt-maldng  jvooesaes  in  the  United  States:  U.  8.  Geol.  Bnrrey  Senntb  Am.  Rept., 
1888,  p.  487. 
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the  cost  of  sinking  the  well  and  pumping  the  brine.  But  l»ine  salt 
constitutes  only  78  per  cent  of  the  total  salt  produced,  as  will  be 
observed  from  the  following  table,  and  the  cost  of  the  preliminary 
work  connected  with  mining  the  remaining  22  per  cent  is  considerable. 

Production  and  value  of  rock  and  brine  salt  in  the  United  States  in  1915. 

Material.  Short  tons  Value. 

Rock  salt 1,165,387  $2,299,894 

Brine  ealt 4,187,023  9,447,792 

Total .\  5, 352, 410  11, 747, 686 

In  contrast  with  Chatard's  statement  regarding  the  use  of  unsalable 
refuse  fuel. are  the  following  comments  by  Willcox:" 

There  is  now  going  on  in  the  salt  industry,  especially  in  Michigan,  a  tiansfcNrmation 
almost  as  radical  as  occurred  when  Michigan  lumber  first  brought  out  Michigan  salt. 
It  is  a  change  from  the  sawmill  system  of  producing  salt,  in  which  fuel  economy  was 
no  object,  to  a  time  that  is  almost  here  when  fuel  will  be  the  main  consideration. 
To  illustrate  what  such  a  change  means,  refer  to  the  early  days  when  the  Onondaga 
salt  district  in  New  York  was  the  leading  producer  in  the  country.  When  the  enor- 
mous Biichigan  production  began  to  affect  the  eastern  salt  districts  it  hit  the  Onon- 
daga district  very  hard,  as  can  be  inferred  from  the  report  published  in  1877  of  the 
superintendent  of  the  Onondaga  Salt  Springs: 

The  business  of  manufacturing  salt  for  the  past  season  has  been  one  of  great  embartassment,  owing  to 
the  general  depression  of  business  throughout  the  country  and  the  consequent  low  prices  afforded  for  the 
manulactured  article;  a  result  always  incident  to  any  market  where  the  supply  is  largely  in  ezoese  of  the 
demand.  i 

Another  and,  perhaps,  more  serious  embarrassment  grew  out  of  the  fact  that  a  very  large  supply  of  salt 
has  been  furnished  at  the  Saginaw  saline.  These  works  are,  and  most  continue  for  many  jrears  to  be,  a 
vigorous  competitor  with  our  own. 

8o  long  as  Saginaw  continues  the  great  center  of  a  gigantic  lumber  tiade,  so  long  win  she  be  a  standing 
competitor  in  the  production  of  salt.  The  refuse  of  her  sawmills  is  estimateid  to  be  sulBcflent  for  the  annual 
manufacture  of  12,000,000  bushels  of  salt.  During  the  past  year  her  product  has  swollen  to  the  enormous 
sum  of  8,000,000  bushels.  This  refuse  would  be  totally  valueless  for  any  other  use  than  as  fuel  for  the  manu- 
facture of  salt.  In  fact,  it  would  beanuisance  to  the  lumber  dealers,  because  it  would  subject  them  to  the 
expense  of  carting  it  from  their  works  and  destroying  it. 

This  furnishes  to  Saginaw,  without  charge,  what  is  to  us  the  main  factor  in  the  cost  of  our  product. 

Thus  it  is  evident  that  the  old  conditions  have  undei^ne  great  changes,  and  the 
time  is  in  sight  if  not  actually  here  when  the  salt  industry,  which  has  been  a  side 
issue,  connected  with  the  lumber  business  in  certain  parts  of  the  Lower  Peninsula 
of  Michigan,  must  either  stand  on  its  own  feet  or  pass  altogether.  Changing  condi- 
tions already  have  brought  about  certain^  readjustments  which  must  go  forward  to 
keep  pace  with  the  changing  conditions  in  the  lumber  business  if  the  salt  industry, 
depending  on  the  refuse  from  lumber  mills,  is  to  survive. 

In  the  character  of  the  machinery,  the  quality  of  labor,  and  the 
use  of  labor-saving  devices  there  have  been  profound  changes  since 
the  date  of  Chatard's  commentary.  The  remarkable  development 
of  mechanically  raked  gramers  and  the  establishment  of  the  vacuum- 
pan  process  are  indications  of  the  advancement  along  such  lines.  In 
some  of  the  modem  grainer  and  vacuum-pan  plants  the  salt  is  not 
touched  by  the  human  hand  from  the  time  it  crystallizes  from  the 
brine  until  it  la  ready  to  be  wheeled  on  board  the  cars.  The  character 
of  the  labor  naturally,  instead  of  remaining  purely  manual,  has  un- 

«  WlUooz,  O.  B.,  Evaporation  tests  of  a  salt  grainer:  Michigan  Eng.  Soc.  for  1007, 1907,  pp.  164-180. 


REMOVAL  OF  GYPSUM  FROM  BRINES.  121 

• 

deigone  a  complete  change  as  more  complex  machinery  has  been 
adopted,  imtil  a  large  proportion  of  the  work  in  the  modem  plants 
requires  mechanical  sldll  of  an  advanced  type  and  the  chemical  engi- 
neer is  called  frequently  into  <K)nference.  All  these  improvements 
have  tended  toward  increased  efficiency  and  the  production  of  a  high- 
gra^ie  article  at  as  low  price  as  is  compatible  with  the  existing  demand 
for  high  quality. 

BEM07AL  OF  OTPSX)^  FEOK  BSIHES. 

One  of  the  gravest  difficulties  encountered  in  salt  making  is  the 
removal  of  gypsum.  In  practice  the  terms  gypsum  and  plaster  are 
both  employed  to  designate  the  scale  formed  during  the  concentra- 
tion of  brines.  The  writer  is  not  aware  that  the  exact  composi- 
tion of  the  scale  is  known ;  it  may  correspond  to  the  hemihydrate, 
CaS04.iH30.  Chatard  suggests  several  methods  for  its  separation, 
but  at  most  plants  the  old  method  of  stopping  the  process  and  scaling 
the  gypsum  is  still  .employed.  One  of  the  reasons  for  this  adherence 
to  laborious  cleaning  is  that  any  chemical  treatment  that  e£Fectually 
rids  the  brine  of  calcium  sulphate,  lime,  magnesia,  and  oxide  of  iron 
is  generally  too  expensive  to  be  practicable,  and,  consequently,  if 
used  at  all  must  be  confined  to  the  high-grade  table  and  dairy  prod- 
ucts. Lime  is  almost  universally  used  to  remove  iron,  though  sodium 
carbonate  (soda  ash)  is  used  in  some  localities.^ 

In  the  Alberger  process  the  principle  of  superheating  the  brine  at 
high  pressure  and  releasing  the  pressure,  thus  effecting  precipitation 
of  the  gypsum,  is  practiced.  This  is  in  line  with  a  suggestion  by 
Chatard>  that  "in  default  of  a  chemical  precipitant  we  are  compelled 
to  consider  the  application  of  heating  alone  as  giving  any  reasonable 
prospects  of  improvement."  He  also  called  attention  to. the  rapid 
separation  of  calcium  sulphate  near  the  point  of  saturation  and  at 
temperatures  above  212^  F.  and  suggested  that  the  deposition  of  the 
sulphate  and  the  recrystallization  of  the  salt  should,  if  practicable, 
be  separate  prosesses  and  that  the  apparatus  to  be  used  for  the  former 
process  should  be  specially  constructed  to  faciUtate  scaling.  It  is 
not  yet  established  whether  the  separation  of  gypsiun  in  this  way  is 
more  efficient  or  cheaper  than  its  removal  by  ordinary  precipitation 
on  the  bottom  of  the  open  pan  on  the  grainer  pipes  or  in  the  flues  of 
the  vacuum  pan,  with  the  consequent  labor  and  loss  of  time  incident 
to  scaling.  The  Alberger  process  is  in  limited  use  as  compared  with' 
the  other  methods  of  making  fine-grained  No.  1  salt.* 

a  See  patents  issued  to  Charles  Olaser  and  G.  J.  Huller  on  processes  of  refining  salt:  U.  S.  Patents  Nos. 
957416  (reissued  as  13268),  and  957417. 

k  Chatard,  T.  H.,  Salt-making  processes  in  the  United  States,  U.  S.  Oeol.  Survey  Seventh  Ann.  Rept^ 
1888,  p.  502. 

e  Persons  interested  in  this  problem  will  find  many  data  and  references  to  domestic  and  foreign  literature 
in  Chatard,  T.  M.,  Salt-making  processes  in  the  United  States:  U.  S.  Qeol.  Survey  Seventh  Ann.  Rept., 
1888,  pp.  497-527;  also  in  Cameron,  F.  K.,  and  Bell,  J.  M.,  Caldum  sulphate  in  aqueous  solutions,  Bull 
33,  Bureau  of  Soils,  1906, 71  pp. 
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RELATIVE  EFFIOIEVOT  OF  PB0CESSB8. 

Comparatively  little  has  been  published  regarding  the  effici^icy 
and  economy  of  salt-making  processes.  According  to  Merrill;^  a 
kettle  block  can  produce  2,520  pounds  of  salt  from  67^  brine  (sali- 
meter  reading)  for  each  ton  of  anthracite  dust  used  as  fuel,  and 
4,088  poimds  from  96^  brine,  these  figures  corresponding  to  evapo- 
ration efficiencies  of  5.83  and  6  poimds  of  water  per  pound  of  fuel. 
Chatard,^  selecting  the  best  results  of  the  vtirious  systems,  concludes 
that  1  pound  of  coal  evaporates  5.72  pounds  of  water  in  the  direct- 
heat  open-pan  process,  6.47  pounds  of  water  in  the  high-pressure 
grainer  process,  and  7.69  pounds  in  the  low-pressiure  grainer  process 
followed  in  the  Kanawha  district  (see  pp.  77-79).  Willcox ^  calculates 
from  the  results  of  a  careful  run  in  a  Michigan  grainer  an  evapora- 
tion efficiency  of  8.322  poimds  of  water  per  pound  cf  coal.  So 
many  factors,  however,  affect  such  statements  of  efficiency  that  the 
figures  quoted  are  unsafe  criteria  for  comparison.  The  concentra- 
tion and  composition  of  the  brine,  the  nature  and  heat  value  ci  the 
fuel,  atmospheric  conditions,  and  other  conditions  make  analysis  of 
the  problem  difficult.  Ease  of  operation,  low  cost  of  maintenance, 
dependability,  simplicity  of  construction,  and  means  of  meeting 
and  overcoming  unexpected  difficulties  are  among  the  factors  that 
give  an  evaporator  the  best  all-round  efficiency.  An  attempt  was 
made  by  the  writer  to  procure  new  data  on  the  imit  cost  of  making 
salt,  but  so  few  and  so  diverse  replies  were  received  that  compila- 
tion or  comparison  was  impracticable,  and  consequently  this  phase 
of  the  industry  has  necessarily  been  left  for  consideration  at  some 
future  time.  It  is  greatly  to  be  hoped  that  salt  manufacturers  may 
publish  data  relating  to  this  subject. 

The  experiments  by  Willcox,^  to  which  reference  has  been  made, 
represent  so  extensive  an  analysis  of  the  grainer  process  that  his 
report  of  the  results  of  them  have  been  abstracted.  The  test  was 
run  in  Michigan  imder  normal  working  conditions  on  a  grainer 
equipped  vrith  submerged  mechanical  rakers  and  heated  by  exhaust 
steam  that  entered  at  an  average  temperature  of  216.6^  F.,  and  had 
an  average  quality  of  97  per  cent.  The  grainer  was  143  feet  long  and 
10.67  feet  wide  at  the  average  level  and  was  filled  with  brine  to  aa 
average  depth  of  1.229  feet.  It  contained  1,072  feet  of  3.5-inch  pipe, 
the  ratio  of  the  evaporating  (grainer)  area  to  the  heating  surface  being 
1.34.  The  brine  at  92.5  per  cent  saturation  was  run  into  the  grainer 
at  a  temperature  of  71.6^  F.  and  the  test  was  continuous  for  192 

«  Merrill,  F.  J.  H.,  Salt  and  gypsum  Industries  of  New  York:  N.  Y.  State  Hus.  Bull.,  vol.  3,  No.  11, 
1803,  p.  65. 

b  Chatard,  T.  H.,  Salt-making  processes  In  the  United  States:  U.  S.  Geol.  Survey  Seventh  Ann.  R«pt., 
18R6,  p.  536. 

«  WUloox,  O.  B.,  Evaporation  tests  of  a  salt  grainer:  Michigan  Engineer.  1907,  p.  168. 

'  WUlcox,  O.  B.,  place  quoted. 


RELATIVE  EPPIOIENOY  OP  PROCESSES. 


123 


hours,  at  the  end  of  which  time  the  saturation  of  the  bittern  unduly 
impeded  evaporation.  At  the  start,  evaporation  was  continued  till 
the  level  of  the  brine  had  lowered  nearly  to  the  steam  pipes  in  the 
grainar.  The  quantity  evaporated  was  then-  restored  by  introduc- 
ing new  brine,  and  this  process  of  alternate  evaporating  and  filling 
was  continued  tiiroughout  the  test.  The  results  of  the  run  aresum- 
marized  in  the  following  tables: 

Re9ult8  of  operaHng  a  grainer  in  Michigan  for  19t  hours. 

Item.  Pounds. 

Total  production  of  hot  salt 110, 950 

Production  of  hot  salt  pw  hour 577. 8 

Equivalent  in  aeaeoned  packed  salt  per  hour 0534. 5 

Total  condensation  of  water  from  grainer  pipes 410, 368 

Condensation  per  hour 2, 137 

Equivalent  condensation  of  dry  steam  per  hoiir &2, 073 

Production  of  hot  salt  per  square  foot  of  grainer  surface 72. 7 

Production  of  hot  salt  per  square  foot  of  heating  surface 97. 9 

Production  of  hot  salt  per  linear  foot  of  3.5-inch  steam  pipe .         102. 5 

Production  of  hot  salt  per  cubic  foot  of  brine 13. 46 

Condensation  of  dry  steam  per  cubic  foot  of  brine 46. 8 

Volume  of  steam  condensed  and  guamUv  of  hot  salt  produced  during  successive  periods 

of  approxiTnateiy  untform  prvduction. 


Duntion 
of  period. 

Total  during  period. 

Rate  per  hour  during 
period. 

Steam  re- 
quired to 
produce  1 
pound  of 
botsalt. 

Hot  salt 
produoxl. 

Steam 
condensed. 

Hot  salt 
produced. 

Steam 
condensed. 

Hours. 

9 
37 
63 
17.6 
34.6 

4 
24 
13 

Pounds. 

»^207 
32,966 
11,783 
30,896 

2,468 
10,640 

6^900 

Pounds. 
26,320 
01,354 
110,670 
39  296 
69,286 
7,694 
46, 462 
24,040 

Pounds. 

623 
673 
605 
617 
443 
631 

Pounds. 
2,934 
2,466 
2.066 
2,246 
2,008 
1,898 
1,477 
1,849 

Pounds. 

3.605 

8.348 

8.336 

3.01 

3.076 

3.18 

3.40 

192 

114,960 

414,012 

o  PiodnotloB  suiBdent  only  to  fin  the  "oleaiance"  on  the  bottom  of  the  grainer. 

Willcox^  calculates  that  the  efficiency  represented  by  these  figures 
corresponds  approxnnately  to  the  evaporation  of  8.322  pounds  of 
water  by  1  pound  of  coaL  He  adds  that  in  the  usual  operation  of 
this  grainer  the  bittern  is  replaced  by  new  brine  every  5  days,  2  hours 
being  lost  at  each  filling,  and  that  the  services  oi  4  men  for  3  hours 
are  required  to  scale  the  p^es  every  30  days. 

a  One  pound  of  hot  salt  is  equivalent  to  0.925  pound  of  seasoned  packed  salt. 
^  The  steam  contained  3  per  cent  moisture. 
c  WiUoox,  O.  B.,  place  quoted. 
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TECHlf OIOOT    OF    MnriVO    AVD  MILIIirO.  OF    BOCK  SALT.  ^ 

SIXUATION  AND  DEVELOPMBNT  OF  MINB8. 

• 

Bock  salt  was  iBrst  discovered  in  North  America,  so  far  as  is  known,  at 
Petite  Anse,  La.,  in  18B2,  and  it  is  still  mined  there  and  also  at  Grande 
Cote,  near  by.  Though  its  existence  in  New  York  and  Michigan  has 
been  known  for  many  years,  it  is  mined  in  New  York  only  by  the 
Retsof  Mining  Co.,  at  Retsof,  and  the  Sterling  Salt  Co.,  at  Halite,  and 
in  Michigan  only  by  the  Detroit  Salt  Co.,  at  Detroit. 

The  beds  of  rocl^  salt  in  Kansas  were  discovered  in  1887  and  1888, 
during  drilling  operations  for  oil  and  gas,  at  Ellsworth,  Lyons,  Hutch- 
inson, Great  Bend,  Kanopolis,  Sterling,  Kingman,  Anthony,  and  Wel- 
lington. The  salt-bearing  series  ranges  in  thickness  from  place  to 
place  from  50  to  more  than  400  feet. 

Bock  salt  in  Kansas  has  been  produced,  to  any  extent,  at  only  five 
inines,  and  these  have  been  operated  by  the  Kingman  Salt  Co.,  King- 
man, the  Crystal  Bock  Salt  Co.,  The  Independent  Salt  Co.,  and  the 
Boyal  Salt  Co.,  at  E^anopolis,  and  the  Bevis  Bock  Salt  Co.,  at 
Lyons.  Li  1915  the  four  companies  last  named  were  engaged  in 
active  mining.  The  Bevis  Bock  Salt  Co.  began  to  hoist  salt  in 
1890  and  has  been  operating  continuously  since.  The  shaft  of  the 
Boyal  Salt  Co.  was  sunk  in  1891;  the  mine  has  been  operated  only 
part  of  the  time  since  then,  but  at  present  it  is  being  worked.  The 
shaft  of  the  Crystal  Bock  Salt  Co.  was  sunk  in  1908,  and  the  mine  has 
been  in  operation  since.  The  first  production  of  the  Lidependent 
Salt  Co.  was  in  1914.  Shafts  have  been  started  at  Ellsworth,  Mar- 
quette, and  Little  Biver,  but  for  various  reasons  the  work  has  been 
abandoned.'' 

BBTSOF  MINING  CO.,  RETSOF,  N.  T. 

MINING. 

The  shaft  of  the  Betsof  Mining  Co.,  Betsof,  N.  Y.,  is  1,017  feet  deep, 
and  it  passes  through  the  following  beds : 

Section  of  main  hoisting  shaft  No.  1,  Retsof  Mining  Co,,  Retsof  N.  Y. 

Thickness,        Depth, 
Material.  feet.  feet. 

Shale 133        

Limestone 8  141 

Shale 232  373 

Limestone 4  377 

Shale 23  400 

Lime 3  403 

Ooraiferous  limestone 142  545 

Cement 13  558 

a  The  descriptions  are  based  on  observations  made  in  1911.    The  writer  has  not  had  any  opportunity 
to  visit  the  field  and  to  verify  them  since  that  year. 
b  Young,  C.  M.,  Rock  salt  mining  operations  in  central  Kansas:  Mining  World,  vol.  34, 1911,  p.  1223. 
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TbktakdBB,       Depth, 
Material.  feet.  feet. 

Sandstone 4  562 

Cement 7  669 

Sandstone 14  583 

Gypeum 4  587 

Cement 26  613 

Gypeum 47  660 

Magnesian  lime  and  sands 63  723 

Cement 14  737 

Blue  shale 25  762 

Cement 10  772 

Blueshale 12  784 

Helderbeig  cement 17  801 

Mixture 31  832 

Cement 10  842 

lime,  cement,  and  sand 15  857 

Cement 6  863 

Blueshale 19  882 

Red  shale 12  894       ' 

Blue  shale 41  935 

Red  shale 5     .      940 

Blueshale 12  952 

lime 12  964 

Salt  and  shale 32  996 

Footofshaft 1,017 

The  salt  bed  that  is  being  worked  is  8  feet  thick,  but  rolls  pinch 
it  to  a  thickness  of  5  feet  locally.  Great  care  is  exercised  not  to 
break  into  the  roof  or  to  pick  up  the  floor.  Drilling  is  done  vnth 
li-inch  auger  drills,  operated  by  3i-horsepower  electric  motors.  The 
rooms  are  run  30  feet  vnde,  and  the  net  result  of  the  mining  is  the 
removal  of  five-ninths  of  the  salt,  leaving  four-ninths  standing  as 
square  piUars,  each  side  of  each  pillar  being  30  feet  long.  The 
drilling  is  done  at  the  room  face,  the  end  of  the  room  being  advanced 
in  the  form  of  a  blunt  wedge.  The  walls  of  the  room  are,  of  coiu-se, 
kept  parallel  during  the  advance  of  the  mining.  The  salt  is  hauled 
by  mules  from  the  room  face  to  the  sidings  but  electric  haulage  is 
used  from  the  main  headings  to  the  shaft.  Mule  power  is  used  also 
for  loading  the  salt  into  the  cages. 

MILUNO. 

The  salt  is  hoisted  in  3-ton  mine  cars  from  the  foot  of  the  shaft  to 
the  top  of  the  mill,  where  the  nm-of-mine  salt  is  dimiped  on  grizzly 
or  riddle  bars  made  of  cast  steel  and  arranged  in  tiers.  The  finer  salt 
falls  through  the  grizzlies  into  a  hopper,  and  most  of  Xhe  coarser  part 
is  crushed  between  large  rolls  though  part  of  it  is  carried  by  conveyers 
to  a  storehouse,  from  which  it  is  loaded  on  cars  for  shipment.  The 
pieces  of  salt  as  they  come  from  the  mine  are  1  foot  or  less  in  diameter. 
The  subsequent  operations  consist  of  alternate  screening  and  crush- 
ing, by  which  the  desired  market  sizes  are  obtained. 
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Four  market  sizes  are  produced  in  New  York  in  addition  to  the 
large  lumps  direct  from  the  mine.  These,  beginning  with  the  coarsest, 
are  known  as  No.  2,  No.  1,  Coarse  C.  (common  coarse,  indicated  by 
the  letters  **C.  C"),  and  Fine  C.  (common  fine,  indicated  by  the  let- 
ters *^C.  F.").    These  grades  are  illustrated  in  Plate  XXIV  (p.  130). 

STERLING   SALT  CO.,   HALrTE,   N.   Y. 

The  shaft  of  the  Sterling  Salt  Co.,  at  Cuylerville  or  Halite,  N.  Y., 
is  approximately  1,150  feet  deep.  After  the  salt  has  been  mined  it 
is  lifted  in  a  3-ton  automatic  dumping  cage  to  the  top  of  the  mill  and 
dumped  on  sets  of  grizzly  bars.  The  fines  drop  through  one  set 'and 
the  lumps  drop  through  another  set  to  crushers,  and  the  larger  hard 
lumps  that  are  salable  descend  through  a  zigzag  chute  to  be  loaded 
for  shipment.  The  fines  from  the  crushers  and  from  the  grizzlies 
pass  through  the  main  hopper  beneath  the  grizzlies  to  three  shaking 
screens,  arranged  in  decks,  one  screen  above  another,  with  the  coars- 
est at  the  top. 

The  material  that  does  not  pass  through  the  coarsest  screen  is 
diverted  through  a  spout  to  a  picking  table  (size  4).  The  material 
that  passes  through  the  first  screen  and  over  the  second  goes  to  a 
picking  belt  (size  3),  where  impurities  are  removed.  Sizes  3  and  4  are 
not  salable  and  are  therefore  aniahed*together  and  returned  to  the 
main  hopper  by  a  bucket  conveyor.  No.  2  grade  is  what  passes 
through  the  upper  two  decks  of  the  head  screens  but  not  through  the 
third  deck.  The  finer  grade,  which  passes  through  the  third  deck 
of  the  head  screen,  is  a  mixtiu*e  of  No.  1 ,  C.  C,  and  C.  F.  This  mixture 
is  conveyed  on  belts  to  the  tail  screens.  From  the  conveyor  belt  it 
is  dropped  into  a  hopper  and  thence  diverted  in  spouts  to  tail  screens. 
There  are  two  decks  to  each  set  of  these  screens.  The  salt  that  fails 
to  pass  through  the  upper  deck  is  known  as  grade  1 ;  that  which  passes 
through  the  upper  deck  but  does  not  pass  throiigh  the  lower  deck  is 
grade  C.  C. ;  that  which  passes  through  both  screens  is  grade  C.  F. 
The  operations  of  this  mill  are  graphically  shown  in  figure  9. 

DETROrr   SALT   CO.,  DETEOrT,  MICH. 

MINING. 

The  shaft  of  the  Detroit  Salt  Co.,  Detroit,  Mich.,  is  1,050  feet  deep, 
with  a  20-foot  bed  of  salt  at  the  bottom,  of  which  16  feet  are  worked 
by  the  room-and-pillar  system,  the  rooms  and  entries  being  35  feet 
wide  and  the  pillars  40  feet  square.  The  shaft  is  divided  into  three 
compartments,  two  of  which  are  used  for  hoisting  and  one  for  sup- 
plying air,  the  foul  air  being  removed  through  the  hoisting  compart- 
ments. The  entire  shaft  is  9  by  18  feet,  and  in  its  present  working 
condition  each  compartment  is  5  by  5J  feet. 
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After  the  run-of-mine  salt  has  been  hoisted  to  the  top  of  the  milt 
the  large  lumps  are  conveyed  to  a  storehouse  for  shipment.  The 
finee  and  smaller  lumps  go  through  a  grizzly  and  two  toothed  crushers. 
The  fines  are  then  removed  hy  a  screen  and  separated  into  four 


l/0J.b'A373    J.3UOn3 


marketable  sizes  (No.  2,  No.  1,  C.  C,  and  C.  F.  grades).  The  ovw- 
size  material  is  picked  to  remove  foreign  material  and  discolored 
salt.  This  oversize  material,  constituting  about  70  per  cent  of  the 
run,  is  then  crushed  between  corrugated  rolls  and  elevated  to  another 
screen,  vaA.  the  four  marketable  siaes  are  again  separated.    The 
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oversize  or  coarse  salt  from  the  second  scalping  screen  goes  through 
a  small  disk  mill  and  the  fine  salt  thus  obtained  is  separated  into 
the  four  marketable  sizes. 

BETIS   BOCE  SALT  CO.,   LYONS,   EANS." 
a  OF  BIHKtNa  SHAFT. 


The  shaft  and  plant  of  the  Bevis  Rock  Salt  Co.,  Lyons,  Kans.,  were 
constructed  under  the  direction  of  Mr.  Jesse  Ainsworth  in  1890. 
TOP  OF  SHAFT  The  shsf 1 18  situatcd 

approximately  in 
the  center  of  a  large 
acreage  of  salt  land 
controlled  by  the 
company  and  con- 
tains two  hoisting 
compartments,  each 
6  by  7  feet,  and  one 
ventilating  comparU 
ment,  3  by  7  feet, 
inside  dimensions. 
A  stone  and  concrete 
foundation  protects 
the  mouth  of  the 
shaft  and  supports 
'  '  the  headframe  (fig. 

10).  The  first  30 
feet  of  the  shaft 
throi^h  hard  clay 
free  from  water  is 
timbered  with  6  by 
6  inch  pine  timbers. 
The  next  30  feet  ia 
in  sandy  clay  yield- 
ing more  than  500 
gallons  of  water  an 

FlotrKa  10.-8cctlao  ibowlDg  melbod  of  tlUUng  shaTt  thraugta  waters     hoUP.       As  there  are 
b«rfnf«ratu«.tBevl3»llplM,t,Lyo™,K»n».  ^j,^,^     g^jj     j^^    ^^f 

soluble  material  below,  it  was  necessary  to  shut  out  this  water. 
The  shaft  was,  therefore,  enlat^ed  at  this  point  to  9  feet  6  inches 
by  17  feet  10  inches  to  allow  for  an  outer  and  an  inner  lining 
with  puddling  between  to  keep  the  water  out  of  the  shaft.  As 
sinking  progressed,  the  outside  Unii^  was  carried  down  and  firmly 
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• 

held  in  place  by  temporary  bnntonsy  or  crosswise  timbers.  Double 
corner  strips  were  put  on,  and  each  twelfth  set  of  4  by  12  inch  tim- 
bers was  used  as  drift  timbers. 

A  stratum  of  dark  shale  containing  thin  layers  of  limestone  was 
encountered  at  a  depth  of  60  feet,  and  the  shaft  was  cut  by  hand 
through  it.  Ten  feet  below  the  top  of  this  shale  the  dimensions  of 
the  shaft  were  increased  4  feet  on  all  sides,  the  space  tapering  at 
an  angle  of  45^.  This  space  was  timbered  and  fiUed  with  cement. 
Eight  2-inch  pipes  were  inserted  through  the  timbers  immediately 
above  the  cement  to  carry  the  water  into  the  shaft  while  the  cement 
was  being  placed.  A  second  cement  ring  was  put  in  6  feet  below  the 
first  ring.  Heavy  12  by  12  inch  drift  timbers  were  placed,  and  a 
4-inch  lining  was  started  inside  of  these,  the  space  behind  it  being 
filled  with  cement.     (See  fig.  10.) 

The  eight  drain  pipes  were  just  long  enough  to  extend  through 
holes  in  the  lining.  The  temporary  buntons  were  taken  out,  a  few 
at  a  time,  and  replaced  with  permanent  ones.  When  cement  had 
been  run  between  the  two  linings  a  15-inch  water-tight  wall  was 
formed.  After  the  shaft  had  been  timbered  in  this  way  up  to  5  feet 
above  the  water-bearing  stratum  and  the  pipes  had  ^  been  plugged 
the  shaft  became  perfectly  dry.  From  this  point  to  the  bottom  the 
shaft  was  timbered  with  4  by  12  inch  timbers  placed  ^^skin  to  skin" 
edgewise.  A  red  water-bearing  sandstone  was  encountered  at  130 
feet,  and  a  water  ring  was  put  in  below  it,  holding  the  accumu- 
lation for  8  or  10  days.  Below  this  point  no  further  trouble  was 
caused  by  water.  When  salt  was  strtick  the  inside  dimensions  of 
the  shaft  were  increased  to  17  feet  by  8  feet  8  inches  to  provide 
space  for  an  inner  lining  and  puddling  should  it  be  found  necessary 
to  keep  water  from  the  salt. 

Fourteen  workable  seams  of  salt  were  penetrated  and  it  was  decided 
to  work  an  18-foot  bed  near  the  bottom  of  the  deposit.  The  shaft 
is  1,075  feet  deep,  the  last  10  feet  being  a  sump,  though  it  is  reported 
that  no  water  has  been  hoisted  from  the  mine  during  the  19  years  it 
has  been  in  operation. 

MINING. 

Two  main  entries  were  driven  east  and  west  from  the  bottom  of  the 
shaft,  and  rooms  and  timnels  were  started  from  them,  crosscuts  being 
driven  at  right  angles  to  the  tunnels  every  50  or  75  feet.  Rooms  are 
then  driven,  and  the  pillars  left  standing  are  about  50  feet  wide  and 
17  feet  high.  No  timbers  are  used  in  this  mine  and  the  roof  is  reported 
to  be  goody  all  the  workings  remaining  clear  of  falling  rock. 

Heavy  auger  drills  operated  by  compressed  air  are  used  in  mining 
the  salt.  The  salt  is  fiirst  imdercut  to  a  depth  of  about  3.5  feet. 
Twenty  per  cent  nitroglycerin  powder  is  used,  and  all  the  holes  in 
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a  room  are  fired  simultaneously  by  electricity.  The  blasts  are  large, 
500  tons  of  rock  often  being  shot  down  at  one  blast.  The  salt  is 
loaded  into  mine  cars  and  hauled  to  the  shaft  by  mules. 

The  salt  seam  mined  is  18  feet  thick  and  is  closely  uniform.  About 
6  inches  of  it  are  left  as  a  floor  and  12  to  18  inches  are  left  as  a  roof. 
Thus  the  mine  has  a  sohd  salt  floor  and  roof  and  no  shale  has  to  be 
picked  out  of  the  salt.  The  seam  dips  southwest,  but  the  dip  is  so 
slight  that  the  workings  are  considered  level.  About  3  to  4  acres 
are  mined  out  each  year. 

MILLINO. 

The  company  has  two  mills,  both  being  used  only  when  a  large 
output  is  demanded.  As  the  mills  are  alike,  a  description  of  one  suf- 
fices. The  salt  hoisted  from  the  mine  is  dumped  from  the  cars  into 
a  hopper  and  is  fed  through  a  gate  between  toothed  rolls.  The 
large  lumps  are  prevented  from  going  to  the  rolls  by  bars  over  them 
and  are  diverted  through  a  chute  to  a  storeroom.  After  the  salt  has 
passed  between  the  rolls  it  goes  to  a  shaker,  through  which  the  fines 
pass.  The  oversize  material  goes  to  a  set  of  corrugated  rolls  and 
from  them  the  salt  goes  to  a  pair  of  shakers,  which  divide  it  into  four 
grades,  oversize,  No.  2,  No.  3,  and  C.  F.  The  C.  F.  salt  is  elevated 
to  a  pair  of  impact  screens,  by  which  it  is  divided  into  grades  1,  7, 
and  4,  which  go  to  the  bins.  Grades  2  and  3  also  go  to  the  bins  and 
the  oversize  goes  back  to  the  rolls  to  be  regroimd. 

A  small  portion  of  the  C.  F.  grade  is  sent  to  a  centrifugal  '* cyclone'* 
crusher,  and  the  crushed  product  is  sent  to  a  pair  of  revolving  screens. 
The  oversize  is  mixed  again  T^th  the  C.  F.  salt  and  the  fine  salt,  or 
** packers'  fine,"  is  sent  to  the  bins.  The  other  sizes  may  also  be 
ground  in  the  centrifugal  crusher,  and  it  is  customary  to  grind  sizes 
of  salt  for  which  there  is  little  demand  into  packers'  fine. 

EQUIPMENT. 

Tlie  mine  is  equipped  with  five  boilers  fired  with  fuel  oil;  about 
600  horsepower  is  necessary  to  run  the  plant,  the  mill  being  operated 
by  a  ISO-horsepower  Corliss  engine.  The  hoisting  is  done  with  a 
straight-line  Litchfield  hoist,  the  speed  being  about  2,650  feet  a 
minute.  The  drum  is  flat,  the  cable  is  steel,  li  inches  in  diameter, 
and  the  sheave  wheels  are  8  feet  in  diameter.  The  compressed  air 
for  the  mines  is  furnished  by  a  large  two-stage  Ingersoll-Sargeant 
compressor  and  is  delivered  to  the  mining  machines  at  about  100 
pounds  pressm*e.  The  mine  fan,  which  is  an  18-foot  exhaust  fan  of 
the  Ouibal  type,  is  operated  by  an  independent  steam  engine.  The 
mine  has  a  capacity  of  about  1,000  tons  a  day,  but  700  tons  of  salt 
is  about  the  daily  maximum  hoisted. 


A.    COARSER  GRADES  OF  Ri 
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BOYAL  SALT  OO.,  KANOPOLI8,  KAN8. 

The  shaft  of  the  Royal  Salt  Co.  (PL  X,  C>  p.  62),  constructed  in 
1890,  is  about  one-quarter  mile  from  Kanopolis,  Ellsworth  Coimty, 
Kans.  In  1912  water  was  being  pumped  from  a  ring  in  the  shaft  at 
a  depth  of  210  feet.  The  timbers  of  the  shaft  are  held  in  place  by  a 
series  of  props  to  the  side  walls  of  the  area  where  the  salt  has  been 
washed  away,  and  the  timbering  has  been  tied  together  with  flooring. 
The  shaft  contains  two  hoisting  compartments,  each  5.5  by  6.5  feet, 
and  an  air  compartment  8  by  6.5  feet,  and  it  is  803  feet  deep.  The 
bed  of  salt  mined  is  9  feet  thick. 

MINING. 

Two  main  entries  40  feet  wide  have  been  driven  north  and  south, 
and  the  mine  is  worked  on  a  three-heading  system,  with  all  entries 
the  same  width.  Compressed-air  auger  drills  are  used  and  9-foot 
holes  are  bored.  No  undercutters  are  used  and  the  salt  is  blasted 
oflf  the  solid.  The  powder  used  is  a  20  per  cent  nitroglycerin  pow- 
der, and  it  is  exploded  by  electricity.  As  the  roof  and  floor  are 
tough  gray  shale,  no  timbers  are  deemed  necessary. 

The  salt  is  loaded  into  mine  cars  holding  1  ton  to  1.5  tons,  llie 
cars  are  hauled  to  the  shaft  by  mules  and  hoisted  to  the  top  of  the 
mill  placed  over  the  shaft.  The  seam  of  salt  is  uniform  to  the  west 
and  south,  but  not  so  much  so  to  the  east  and  north.  It  dips  north- 
east in  one  part  of  the  mine,  but  the  dip  is  not  great  enough  to  hinder 
hauling. 

MILUNG. 

Bright  grades  of  salt  are  made  in  the  mill:  Nos.  1  special,  1,  2,  3, 
4,  7,  C.  F.,  and  packers'  fine.  Lump  salt  is  also  sold.  These  grades 
are  like  those  illustrated  in  Plate  XXIV. 

The  salt  is  dumped  at  the  top  of  the  mill  onto  a  set  of  bars  and 
all  fine  salt  passes  through  to  a  3-screen  shaker.  The  large  lumps 
may  go  by  the  lump  conveyor  to  a  storeroom  or  between  24-inch  by 
30-inch  toothed  rolls.  From  the  rolls  it  goes  between  a  second  pair 
of  toothed  rolls,  set  closer  together,  and  from  that  pair  it  goes  to 
three  fine-screen  shakers.  The  shakers  are  narrow  and  contain  wire 
screens,  whereas  those  at  the  Bevis  mill  are  wide  and  have  punched- 
plate  screens.  The  products  of  the  shakers  go  to  bins  and  elevators. 
There  are  also  three  fine  grinders,  and  grades  2  and  3  are  fed  to  them 
when  there  is  a  demand  for  fine  salt  from  these  grinders,  being 
screened  and  then  binned.  The  mill  can  handle  about  250  tons  of 
rock  salt  a  day. 

EQUIPMENT. 

The  plant  has  one  sacking  room  and  a  lump  storeroom.  The 
steam  for  the  hoisting  engine,  compressor,  mill  engine,  fan  engine. 
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and  pumps  is  fumished  by  five  oil-fired  boileis  of  100  horsepower 
each.  The  hoisting  engine  is  a  Vulcan  hoist  with  a  conical  dnun 
7.5  feet  in  diameter  at  the  small  end  and  10.5  feet  in  diameter  at  the 
middle.  The  16-inch  by  18-inch  single-stage  Ingersoll  compressor  de- 
livers air  at  100  pounds  pressure.  The  mill  is  operated  by  a  Buckeye 
Corliss  engine  of  about  100  horsepower.  An  exhaust  fan  over  the 
air  shaft  is  operated  by  a  separate  steam  engine. 

CRYSTAL  ROCK   SALT  CO.,  KANOPOLI8,  KANS.  , 

THE  SALT  BSD. 

The  salt  bed  that,  is  worked  by  the  Crystal  Rock  Salt  Co.  at  Kan- 
opolis,  Kans.,  is  11  feet  thick  and  is  capped  by  a  layer  of  shale  one- 
eighth  inch  thick.  The  bed  is  about  170  feet  below  the  top  of  the 
first  salt  bed  encountered  in  sinking  the  shaft,  as  will  be  seen  from 
the  following  section: 

Section  of  salt  beds  above  the  rock  »aU  mined  by  the  CryMdt  Rock  Salt  Co.,  KanopoUe,  Kans. 

Thidness.      Depth. 
Material.  Ft.    In.        Ft.   In. 

Unrecorded  strata  to  top  of  salt (612) 

Salt  with  black  flakee,  quite  dark 10 

Shale. 1  U 

Fair  salt 3  14 

Salt  mixed  with  shale 4  18 

Pair  salt  with  dirt 6  24 

Ptotmg  shale 0  2       24  2 

Fairsalt 5  29  2 

Shale 1  6       30  8 

Salt  and  dirt  mixed 6  36  8 

Dirt 0  3       36  11 

Fairsalt 3  6       40  5 

Shale 0  2       40  7 

Goodsalt 4  44  7 

Shale 1  45  7 

Salt  and  shale  mixed 4  49  7 

Fairsalt 4  53  7 

Black  flakes  and  salt  mixed 20  73  7 

Shale 0  8       74  3 

Dirtysalt 7  81  3 

Shale 1  82  3 

Fairsalt 3  85  3 

Shale 1  6       86  9 

Fairsalt 2  88  9 

Shale 2  90  9 

Dirtysalt U  101  9 

Shale 1  102  9 

Fairsalt 3  105  9 

Salt  and  shale  mixed 0  10     106  7 

Clay 7  113  7 

Salt  and  shale  mixed 9  122  7 

Hard  black  salt 0  8      123  3 

Good  salt  with  black  streaks  running  up  and  down.  8  131  3 
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Tblbkaua.      Deptb. 
HutorM.  FL     In.         Ft.    In. 

FaJTMilt 4             136  3 

Salt  Mid  ahale  mixed 1  6      136  9 

Fair  a&lt  with  dark  etreaka 6             142  9 

Shale I             143  9 

Darksalt 7  6      151  3 

Ruting 0  1      161  ■  4 

Dftrksalt 1  3      152  7 

Parting 0  1      152  8 

Darksalt 1  »      154  2 

Goodoalt 8            157  2 

Black  Bttlt 0  «      157  8 

FairBBlt 5  6      163  2 

Shale 0  2      163  4 

Good  Bait 1  8      165 

Fair  Bait 3             168 

Streaked  black  Bait 2  6      170  6 

Salt  (now  being  woiked) 11             181  6 

The  section  does  not  show  the  entire  thickness  of  the  salt-bearing 
series,  as  a  prospecting  shaft  known  as  No.  3  shaft  has  been  sunk 
nearly  50  feet  deeper  in  the  search  for  potash  salts.  The  section 
revealed  by  this  deeper  shaft  is  given  below: 

SecOwno/ShaftNo.  S,  Ctyita' Rode  Salt  Co.,  Kanopolit,  Kan$. 

Thlcknesa.  Depth. 

Material.  Ft.  In.  Ft.  In. 

Shale 0  10  ... 

Darksalt 5  6  10 

Shale 0  2  6 

Dark'salt 1  10  7  10 

Shale 0  1  7  11 

Dark  salt  mixed  with  shale 15  22  11 

Shale 0  1  23 

Da^Balt 1  4  24  4 

Shale 8  32  4 

Darksalt 4  36  4 

Shale 0  1  36  5 

Light-colored  salt 3  6  39  11 

Shale 0  1  40 

lightrcolored  salt 6  10  46  10 

Thus  if  the  thickness  of  the  salt  bed  that  is  being  worked  is  taken 
as  11  feet  the  total  thickness  of  salt  and  associated  beds  is  about 
228  feet,  and  the  sections  given  above  do  not  include  the  entire 
saline  series.  Of  the  sections  given  above,  188  feet  11  inches  is  salt 
designated  as  fair,  good,  dirty,  or  mixed  with  other  ingredients. 
The  shaft  was  sunk  in  1907  and  1908.  It  is  about  one-quarter  mile 
southwest  of  that  of  the  Royal  Salt  Co. 

KBTHOD  OF  BINKIKO  SHAPT. 

The  shaft  is  a  three-compartment  shaft,  6.5  by  18  feet  inside 
dimensions,  two  of  its  compartments  being  losed  for  hoisting  and  the 
98088°— 17 BuU.  146 10 
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third  for  an  air  shaft.  The  shaft  was  timbered  down  to  the  first 
water  level  vnih  heavy  timbers,  and  a  large  drum  of  boiler  iron,  the 
shape  of  the  shaft,  was  driven  through  the  water-bearing  sand.  The 
drum  is  bracketed  and  timbered  on  the  inside  to  prevent  its  collapsing. 
It  was  driven  into  a  seam  of  clay  below  the  sand,  and  the  shaft 
below  the  day  seam  is  timbered  with  heavy  timbers  set  ''skin  to 
skin."  Two  other  small  water-bearing  strata  were  encountered 
and  a  water  ring  was  inserted  at  a  depth  of  about  300  feet,  from 
which  water  is  being  pumped. 

The  shaft  is  800  feet  deep  and  strikes  the  same  seam  of  salt  as 
that  mined  by  the  Royal  Salt  Co.  The  workings  extend  only  a 
few  himdred  feet  from  the  shaft. 

MININO. 

The  mining  operations  are  similar  to  those  in  the  Royal  mine. 
Electric  drills  were  tried  but  they  did  not  prove  satisfactory  and 
compressed-air  auger  drills  are  now  used.  The  mine  cars  hold  2  tons 
and  are  trammed  by  hand. 

MILLING. 

The  mining  processes  are  similar  to  those  in  the  mill  of  the  Boyal 
Salt  Co.,  the  main  differences  being  that  the  Crystal  mill  is  double, 
the  cages  are  self-dumping,  and  the  machinery  is  more  compact. 
The  same  grades  of  salt  are  made.  About  600  tons  of  salt  can  be 
crushed  in  a  day  with  both  mills  running,  but  in  1912  only  one  mill 
was  operated,  and  about  250  tons  of  salt  was  groimd  daily. 

EQUIPMENT. 

The  mine  has  one  sacking  room  below  the  bins  and  a  lump  store- 
room. The  plant  has  three  coal-fired  boilers  of  100  horsepower 
each,  and  all  of  them  are  used  when  the  plant  is  in  operation.  The 
hoist  is  a  direct-connected  Cravrford  hoist  with  a  cylindrical  drum; 
the  hoisting  speed  is  2,500  feet  a  minute.  The  compressor  is  a  single- 
stage,  belt-driven  machine.  A  direct-current  generator  is  used  when 
the  electric  drills  are  operated.  The  mill,  compressor,  and  generator 
are  operated  by  a  steam  engine.  No  fan  has  been  put  in  as  the  mine 
has  been  operated  for  only  a  short  time. 

COMMERCIAL  GRADES  OF  KANSAS  ROCK  SALT. 

The  same  grades  of  salt  are  produced  at  all  the  mines  in  Kansas 
and  are  given  the  same  names  in  different  parts  of  the  State.  The 
principal  grades  are  numbered  1,  2,  3,  4,  7,  C.  F.  (common  fine), 
packers'  fine,  and  lump  salt.  Grade  No.  2,  of  which  most  is  sold,  is 
composed  of  cubes  one-eighth  to  one-quarter  inch  in  diameter  and 
is  extensively  used  for  making  brines  in  packing  houses  and  for 
salting  hides.    Grade  No.  1  consists  of  grains  about  the  size  of  grains 
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of  wheat.  This  salt  is  also  used  for  salting  hides,  in  manufacturing 
soda  ash  and  caustic  soda,  in  making  brines  and  freezing  mixtures, 
and  in  soap  making.  Grade  No.  3  is  coarse,  the  grains  being  more 
than  one-quarter  inch  in  diameter.  This  salt  is  used  in  refrigerator 
cars  and  in  other  refrigerators.  Grade  No.  4  is  about  as  fine  as 
coarse  evaporated  salt,  and  it  is  used  by  stockmen,  soap  makers, 
and  glass  manufacturers  and  also  in  chlorination  furnaces.  Grade 
C.  F.  contains  all  grades  from  No.  1  to  the  coarsest  and  it  is  used  for 
about  the  same  purposestias  No.  1.  Packers'  fine  is  the  finest  grade 
made.  It  can  be  used  for  domestic  purposes  and  it  is  used  ext<en- 
sively  in  packing  beef  and  pork.  Lump  salt  is  obtainable  at  all  the 
mines,  some  lumps  weighing  several  thousand  poimds  being  sold. 
Lump  salt  is  gray  and  firm.     It  is  sold  for  salting  Uve  stock. 

KTLES  SALT  CO.,   GRANDE  COTE,   LA. 

According  to  Veatch*  salt  was  discovered  at  Grande  Cote,  La.,  in 
1897,  and  nearly  a  yiBar  later  the  Myles  Salt  Co.  was  organized.  The 
present  shaft  was  commenced  in  Jidy,  1898,  where  the  salt  is  nearest 
the  surface.  One  hundred  feet  of  10-foot  tubular  casing  was  used 
in  sinking  the  shaft  to  the  salt.  In  July,  1901,  the  work  of  sinking 
a  rectangular  shaft  below  this  casing  into  the  rock  salt  was  begun. 
The  600-foot  level  was  reached  and  tunnels  to  the  east  and  the  west 
were  being  driven  in  March,  1902.  The  shaft  is  646  feet  deep.  The 
tubular  casing  was  continued  10  feet  into  the  rock  salt.  The  shaft 
was  continued  in  cylindrical  form  35  feet  farther,  and  wood  lading 
inclosed  by  concrete  a  foot  thick  was  used  to  prevent  leaking.  This 
structure  was  encircled  at  intervals  by  rings  of  asphalt  3  to  5  feet 
high  and  2  or  3  feet  thick  at  the  base.  The  surface  of  the  salt  after 
being  thoroughly  heated  was  painted  vnth  asphalt.  The  shaft  below 
the  136-foot  cylindrical  section  is  10  feet  square. 

Idlning  is  carried  on  by  first  undercutting  or  blasting  out  trian- 
gular chunks  of  salt  on  a  level  with  the  floor  of  the  mine.  The  over- 
lying layers  are  then  removed  in  turn  upward  from  the  floor.  The 
salt  is  conveyed  to  the  foot  of  the  shaft  in  small  dump  cars  drawn 
by  mules  over  narrow-gage  steel  tracks.  At  the  shaft  the  salt  passes 
through  a  crusher,  from  which  it  falls  into  a  bin.  From  the  bin  it 
is  drawn  off  into  a  5-ton  self-dimiping  cage,  in  which  it  is  drawn  to 
the  surface,  the  cage  making  the  roimd  trip  in  four  minutes.  A 
pair  of  20-foot  by  30-foot  engines  wind  up  the  cable  that  lifts  the 
cage.  Two  compressors  supply  air  to  the  drills  in  the  mine,  and  a 
small  separate  engine  works  the  ventilating  fans.  The  crusher  at 
the  bottom  of  the  shaft,  the  screens,  and  the  mill  machinery  above 
ground  are  run  by  electricity  from  a  dynamo  in  the  engine  room. 

The  salt  is  ground  after  being  dumped  from  the  cage  on  the  top 

-^^^ 

•  Veitch,  A.  C,  QeiMral  geology:  Loaisiana  Qeol.  Survey  Rept.  for  1899,  pt.  6, 1899,  p.  12^ 
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floor  of  the  building.  It  is  then  passed  through  screens  of  various 
mesh,  depending  on  the  sizes  of  salt  marketed.  Grades  1,  2,  and  3 
are  used  for  refrigerating,  curing  hides,  curing  fish,  making  salt 
pickles,  and  glazing  in  enameling  and  pipe  works. 

The  C  (coarse)  and  F  (fine)  grades  are  used  for  dry-salting  meats 
and  clearing  oleomargarine,  and  in  chemical  processes.  The  A 
grade  is  a  special  one,  finer  than  No.  1  and  coarser  than  C.  The  D 
grade  is  also  a  special  one,  consisting  of  powdered  salt  from  the 
grinding  of  any  of  the  crushed  grades  in  Ike  mills,  and  it  is  used  for 
any  piupose  where  rapid  solution  is  desired. 

AVERY  SALT  MINING  CO.,   PETITE  ANSE,   LA. 

Rock  salt  was  discovered  at  Petite  Anse,  La.,  by  John  M.  Avery, 
May  6,  1862,  and  so  far  as  known  this  was  the  first  discovery  of  rock 
salt  in  North  America.  The  salt  was  first  quarried  in  a  number  of 
open  pits,  which  were  destroyed  in  1863.  The  first  shaft,  8  feet 
square,  was  sunk  in  1867  to  a  depth  of  83  feet;  the  depth  was  later 
increased  to  90  feet,  58  feet  of  which  was  in  soUd  rock  salt.  After 
the  ownership  of  the  property  had  rested  with  different  companies 
it  finally  reverted  to  the  New  Iberia  Salt  Cb.  in  1886,  and  arrange- 
ments were  made  for  a  switch  to  the  plant  from  the  main  hne  of 
the  Southern  Pacific  Co.  Operations  were  continued  until  1896, 
when  the  mines  reverted  to  the  Avery  family,  and  two  years  later 
the  Avery  Rock  Salt  Mining  Co.  was  formed.  This  company  sank  a 
shaft  southwest  of  the  old  mine  on  a  new  site  where  operations  are 
now  conducted.  According  to  Harris  <*  the  shaft  of  the  Avery  Salt 
Mining  Co.  is  21  feet  by  10  feet  and  518  feet  deep.  It  is  divided  into 
two  hoisting  shafts  and  one  ventilating  shaft.  The  galleries  are  30 
feet  wide  and  are  run  in  two  directions  at  right  angles  to  each  other, 
pillars  30  feet  square  being  left  as  supports. 

The  salt  is  conveyed  to  the  foot  of  the  shaft  in  small  cars  drawn 
on  a  narrow-gage  track  by  horses  and  mules.  The  cars  are  put  on 
the  platform  of  the  cage,  hoisted  to  the  top  floor  of  the  mill,  and 
dumped  by  hand.  The  heavy  crushing  is  therefore  done  at  the  top 
of  the  mill  instead  of  at  the  foot  of  the  shaft  as  at  Grande  Cbte. 
After  preliminary  crushing  the  salt  is  further  ground,  screened,  and 
winnowed  to  drive  off  the  salt  dust,  which  tends  to  deliquesce  and 
thus  cement  together  the  larger  salt  grains.  The  various  grades  of 
salt  produced  are  similar  to  those  produced  at  Grande  Cote,  and 
are  used  for  substantially  the  same  purposes.     (See  p.  135.) 

•  Harris,  G.  D.,  Rock  salt:  LoaisiaDa  QeoL  Sorrey  Bept.  for  1007,  Bull.  7, 190B,  p.  17, 
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In  the  following  pages  are  given  certain  tables  relating  to  (1)  the 
solubility  of  sodium  chloride  and  other  salts;  (2)  the  chlorine  con- 
tent, salinity,  and  specific  gravity  of  sea  water  at  various  concentra- 
tions; (3)  atomic  weight  of  elements  common  in  saline  solutions; 
(4)  factors  for  converting  radicles  to  compoimd^;  and  (5)  compre- 
hensive conversion  tables  for  salt  solutions. 

It  is  believed  that  these  tables  will  prove  of  interest  and  value  to 
all  students  of  the  chemistry  of  salines  in  general. 

Solvbility  of  certain  salts/* 


Salt 


Sodium  chloride  (Naa). 


Sodium  sulphate  (NafSO4.10HtO). 
Sodium  aulpbate  (NafS04.7HsO). . 

Sodium  bromide  (NaBr) 

Sodium  iodide  (NaL2HtO) 

Potassium  chloride  (KQ) 

Potassium  sulphate  (K1SO4) 

Potassium  bromide  (KBr) 

Potassium  iodide  (KI) 

Calcium  chloride  (CaC]s.6HsO) . . . 
Calcium  sulphate  (Ca804.2H|0). . 


Magnesium  sulphate  (MgS04.7Ht0). 
Magnesium  chloride  (MgClt.0HsO). . 
Magnesium  bromide  (MgBn.6HsO). 
Magnesium  iodide  (MgIs.8HsO) 


Temper- 
ature. 

Amount  of  pure  com- 
pound without  water 

Dissolved 
in  100 

grams  of 
water. 

Dissolved 
inlOOcc. 

of  the 
solution. 

•c. 

0 

10 

25 

50 

100 

0 
25 

0 
25 

0 
20 

0 
25 

0 
25 

0 
25 

0 
25 

0 
25 

0 
20 

0 
25 
25 
25 
26 
25 
26 
26 

0 
25 

0 
25 

0 
25 
25 

Onms. 

35.7 

35.8 

36.12 

37.0 

39.8 

5.0 

28.0 

19.5 

53.0 

66.0 

77.0 

168.7 

184.2 

27.6 

35.5 

7.35 

10.76 

63.6 

67.7 

127.6 

148.0 

69.5 

91.0 

Oramt. 

. 

.  0.1759 
.2060 

fr.426 

«.660 

<<.1620 

«.1471 

/.666 

^.660 

26.9 
38.6 
62.8 
66.7 
91.9 
97.6 

»64.4 

a  Seidell,  AthertoD,  Handbook  of  solubilities.  New  York,  1907,  pp.  236-264. 
b  Solutioo  containing  8US  grams  per  liter  of  MIkCU. 
«  Solutioo  containing  19.8  grams  per  liter  of  MeCls. 

*  SoiutiOQ  containing  3.2  grams  per  liter  of  MsBOf. 

«  Solutioo  containing  ia64  grams  per  liter  of  MgSO^. 
/  Solutioo  oontaining  91.16  grams  per  liter  of  NaCL 
§  Sohitioo  containing  264.17  grams  per  liter  of  NaCl. 

*  Dissolved  in  100  grams  of  the  aqueous  solution. 
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Chlorine  oorUenty  salinity,  and  specific  gravity  of  sea  water  at  various  concentrations.^ 


Chlorine 

Salinity 

Speolflo 

Chloiine 

SaUnitj 

Spedflo 

per 

per 

gravity 

^P®' 

,^.P«' 

gravity 

IdlogianL 

W). 

kilogxanL 

kilogram. 

(0/4**). 

OravM, 

OravM, 

Qramt, 

(TroDW. 

1.00 

1.84 

1.00140 

19.60 

86.41 

L08846 

2.00 

3.64 

1.00287 

19.65 

86.60 

1.02863 

8.00 

6.45 

1.00438 

19.70 

85.60 

1.02860 

4.00 

7.25 

1.00679 

19.76 

86.68 

1.02867 

6.00 

9.00 

1.00725 

19.80 

86.77 

1.02875 

6.00 

ia86 

L  00871. 

19.85 

86.86 

1.02882 

7.00 

12.67 

1.01016^ 

19.90 

85.95 

1.02880 

8.00 

14.47 

1.01162 

19.95 

86.04 

1.02896 

9.00 

16.28 

1.01307 

20.00 

86.18 

1.02904 

10.00 

18.06 

1.01462 

20.10 

86.31 

1.02918 

11.00 

19.89 

1.01607 

20.20 

86.49 

1.02983 

12.00 

21.69 

1.01742 

20.30 

86.67 

1.02947 

13.00 

23.50 

1.01887 

20.40 

86.85 

1.02962 

14.00 

26.30 

1.02032 

20.50 

87.03 

1.02977 

16.00 

27.11 

1.02177 

20.60 

87.21 

1.02991 

16.00 

28.91 

1.02322 

20.70 

37.39 

1.08006 

17.00 

30.72 

1.02468 

20.80 

37.67 

1.08020 

18.00 

32.52 

1.02613 

20.90 

37.75 

L03a35 

19.00 

84.33 

1.02768 

21.00 

37.94 

1.03049. 

19.10 

34.51 

1.02773 

21.60 

38.84 

1.03122 

19.20 

34.69 

1.02787 

22.00 

39.74 

1.03196 

19.30 

34.87 

1.02802 

22.60 

40.64 

1.03268 

19.40 

36.05 

1.02816 

23.00 

41.65 

1.08341 

19.60 

35.23 

1.02831 

a  Knudsen,  ICaitin,  Hydrogiapbisohe  Tabellen,  Copenhagen,  1911. 
Atomic  weights  of  elements  common  in  saline  solutions  fi 


EtoDuot. 

Symbol. 

Atomic 
weight. 

Element. 

Symtxd. 

Atomic 
weight. 

Bonn 

Al 
B 
Br 
Ca 
0 
CI 
I 
Fe 

27.1 
11.0 
79.92 
40.07 
12.00 
36.46 
126.92 
66.84 

Magnednm. 

P 
K 

Si 

Na 
S 

24.32 

16.00 

81.04 

89.10 

28.3 

23.00 

32.07 

"Rpomlne. ......... 

Phosphorus 

Potanium 

BUioon 

Caklnm. ..,..,.... 

Oarhon 

Chlorine. 

Bodinm 

Iodine 

Sulphur. 

Iron. 

a  Annual  Renort  of  the  International  Committee  on  Atomic  Weights,  1916;  Jour.  Am.  Chem.  Sec.,  vol. 
36, 1914,  p.  1686; 
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PaelortfoT  conrertiny  rgdicUt  to  compounds." 


Radlcb). 

Faclor. 

H»dld«. 

C»n.p™nd. 

Fwtor. 

Nb 

K 

M* 

Oa 

3.5m 

8.066 

II 

3.21S 
1.7B7 

i:S! 

i.a» 

11 

it.ug 

7:S8« 
11.  ou 

3.760 

ts 

3.3S8 

a«8 

4.  IMS 
4!  MO 

CI 

Br 

I 

SO, 

CO. 

HCO.... 

N«CT 

l.UO 
1.10« 

ii 

3.0M 

IS 

1.480 
I.IU 

1.82S 
1.261 
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TECHNOLOGY  OF  SALT  MAKING. 
Conversion  tables  for  salt  solutions,*^ 


Pounds 

Sali. 
meter 
de- 
grees. 

Baum^ 
degrees. 

Spedflo 
gravity. 

Per 

cent  of 
salt. 

Weight 
ofagietl- 

lODOf 

this 
brine  in 
pounds 
of  7,000 
grains 

each. 

Ponnds 

of  salt 

Inagal- 

lonof 

brine  of 

231 

cubic 

inches. 

Gallons 
of  brine 
required 

for  a 
bushel  of 

salt. 

Pounds  of 
water  to 
beevapo- 
rated  to 
produce  a 
Dushel  of 
salt. 

of  coal 
required 
to  pro- 
duce a 
bushel  of 
salt.l 
pound  of 
coal  evap- 
orating 6 
pounds 
of  water. 

Bushels 
Of  salt 

that  can 

be  made 

with  a 

ton  of 

coal  of 

2.000 

pounds. 

1 

a26 

1.002 

0.265 

8.347 

a022 

2,53L40 

21,076.00 

3,512.67 

0.569 

2 

.52 

1.003 

.530 

8.356 

.044 

1,264.40 

10,510.00 

1,751.67 

1.141 

3 

.78 

1.005 

.795 

8.372 

.066 

841.30 

6,988.02 

1,164.67 

1.717 

4 

1.04 

1.007 

1.060 

8.389 

.088 

629.72 

5,227.08 

8n.l7 

2.295 

5 

1.30 

1.009 

1.325 

8.406 

.111 

502.77 

4,170.41 

605.06 

2.877 

6 

1.56 

1.010 

1.590 

8.414 

.133 

418.56 

3,466.01 

577.66 

3.462 

7 

1.82 

1.012 

1.855 

8.431 

.156 

358.06 

2,962.87 

403.81 

4.050 

8 

2.08 

1.014 

2.120 

8.447 

.179 

812.68 

2,585.50 

430.91 

4.641 

9 

2.34 

1.016 

2.385 

8.462 

.201 

277.39 

2,292.00 

882.00 

5.235 

10 

2.60 

1.017 

2.650 

8.472 

.224 

249.41 

2,057.20 

342.86 

5.833 

11 

2.86 

1.019 

2.915 

8.489 

.247 

226.29 

1,865.09 

310.84 

6.434 

12 

3.12 

1.021 

3.180 

8.506 

.^70 

207.02 

1,705.00 

284.16 

7.038 

13 

3.38 

1.023 

3.445 

8.522 

.293 

190.72 

1,569.54 

261.59 

7.645 

14 

3.64 

1.025 

8.710 

8.539 

.316 

176.76 

1,453.43 

242.23 

8.256 

15 

3.00 

1.026 

3.975 

8.547 

.339 

164.81 

1,352.80 

225.46 

8.870 

16 

4.16 

1.028 

4.240 

8.564 

.363 

154.21 

1,264.75 

210.79 

9.488 

17 

4.42 

1.030 

4.505 

8.581 

.386 

144.86 

1,187.06 

197.84 

10.108 

18 

4.68 

1.032 

4.770 

8.597 

.410 

136.54 

1,118.00 

186.33 

10.733 

19 

4.94 

1.034 

5.035 

8.614 

.433 

129.11 

1,056.21 

170.03 

11.361 

20 

5.20 

1.035 

5.300 

8.622 

.457 

122.53 

1,000.60 

166.76 

11.992 

21 

5.46 

1.037 

5.565 

8.639 

.480 

116.47 

950.28 

158.38 

12.627 

22 

5.72 

1.039 

5.830 

8.656 

.504 

110.96 

904.54 

150.75 

13.266 

23 

5.98 

1.041 

6.095 

8.672 

.528 

105.93 

862.78 

143.79 

13.908 

24 

6.24 

1.043 

6.360 

8.689 

.552 

101.33 

820.50 

137.41 

14.554 

25 

6.50 

1.045 

6.625 

8.706 

.576 

97.09 

789.28 

131.54 

15.203 

26 

6.76 

1.046 

6.890 

8.714 

.600 

93.26 

756.77 

126.12 

15.856 

27 

7.02 

1.048 

7.155 

8.731 

.624 

89.64 

726.66 

121.11 

16.513 

28 

7.28 

1.050 

7.420 

8.747 

.649 

86.27 

698.71 

116.45 

17.173 

29 

7.54 

1.052 

7.685 

8.764 

.673 

83.14 

672.69 

112.11 

17.838 

30 

7.80 

1.054 

7.950 

8.781 

.698 

80.21 

648.40 

108.06 

18.507 

31 

8.06 

1.056 

8.215 

8.797 

.722 

77.48 

625.67 

104.27 

19.179 

32 

8.32 

1.058 

8.480 

8.814 

.747 

74.92 

604.37 

100.72 

19.855 

33 

8.58 

1.059 

8.745 

8.822 

.771 

72.58 

584.36 

97.39 

20.535 

34 

8.84 

1.061 

9010 

8.839 

.796 

70.31 

565.53 

94.25 

21.218 

35 

9.10 

1.063 

9.275 

8.856 

.821 

68.17 

547.77 

91.29 

21.900 

36 

9.36 

1.065 

9.510 

8.872 

.846 

66.15 

531.00 

88.50 

22.598 

37 

9.62 

1.067 

9.805 

8.889 

.871 

64.24 

515. 13 

85.85 

23.294 

38 

.  9.88 

1.069 

10.070 

8.905 

.896 

62.44 

500.10 

83.35 

23.963 

39 

10.14 

1.071 

10.335 

8.922 

.922 

60.72 

485.84 

80.97 

24.099 

40 

10.40 

1.073 

10.600 

8.939 

.947 

50.09 

472.30 

78.71 

25.407 

41 

10.66 

1.075 

10.865 

8.955 

.973 

57.54 

459.41 

76.56 

26.120 

42 

10.92 

1.077 

11.130 

8.972 

.  Vvo 

56.07 

447.14 

74.52 

26.837 

•      43 

11.18 

1.079 

11.395 

8.989 

1.024 

54.66 

435.44 

72.57 

27.558 

44 

11.44 

1.081 

11.660 

9.005 

1.050 

53.32 

424.27 

70.71 

23.283 

45 

11.70 

1.083 

11.925 

9.022 

1.075 

52.04 

413.60 

68.93 

29.013 

46 

11.96 

1.085 

12.190 

9.039 

1.101 

50.82 

403.39 

67.23 

29.747 

47 

12.22 

1.087 

12.455 

9.055 

1.127 

.     49.64 

393.61 

65.60 

30.486 

48 

12.48 

1.089 

12.720 

9.072 

1.154 

48.52 

384.25 

64.04 

31.229 

49 

12.74 

1.091 

12.985 

9.089 

1.180 

47.44 

375.26 

62.54 

31.977 

50 

13.00 

1.003 

13.250 

9.105 

1.206 

46.41 

366.64 

61.10 

82.729 

51 

13.26 

1.095 

13.515 

9.122 

1.232 

45.42 

358.34 

50.72 

38.487 

52 

13.52 

1.097 

13.780 

9.139 

1.259 

44.46 

850.38 

58.39 

84.247 

53 

13.78 

1.100 

14.045 

9.164 

1.287 

43.50 

342.71 

59.11 

35.015 

54 

14.04 

1.102 

14.810 

9.180 

1.313 

42.62 

335.35 

55.89 

35.783 

55 

14.30 

1.104 

14.575 

9.197 

1.340 

41.77 

328.21 

64.70 

36.560 

56 

14.56 

1.106 

14.840 

9.214 

1.367 

40.95 

321.35 

53.55 

37.341 

57 

14.82 

1.108 

15.105 

9.230 

1.394 

40.16 

314.74 

52.45 

38.126 

58 

15.08 

1.110 

15.370 

9.247 

1.421 

39.39 

306.34 

51.39 

38.917 

60 

15.34 

1.112 

15.635 

9.264 

1.448 

38.66 

302.17 

50.36 

39.712 

60 

15.60 

1.114 

15.900 

9.280 

1.475 

37.94 

296.21 

49.36 

40.512 

61 

15.86 

1.116 

16.165 

9.297 

1.502 

37.26 

290.43 

48.40 

41.317 

62 

16.12 
16.38 

1.118 

16.430 

9.314 

1.530 

36.59 

284.84 

47.47 

42.129 

63 

1.121 

16.695 

9.339 

1.550 

35.91 

279.42 

46.57 

42.945 

64 

16.64 

1.123 

16.960 

9.355 

1.586 

35.29 

274.18 

45.60 

43.765 

65 

16.90 

1.125 

17.225 

9.372 

1.614 

34.68 

269.10 

44.85 

44.591 

66 

17.16 

1.127 

17.490 

9.389 

1.642 

34.10 

264.18 

44.03 

45.423 

67 

17.42 

1.129 

17.755 

9.406 

1.670 

33.53 

259.40 

43.23 

46.260 

68 

17.68 

1.131 

18.020 

9.422 

1.697 

32.98 

254.76 

42.46 

47.102 

aBngkhardt,  F.  E.,  Annual  report  of  Onondaga  Salt  Springs,  for  1883, 1884,  pp.  36-37. 


USEFUL  TABLES  COKNECTED  WITH  THE  SALT  INDUSTRY.      141 
Conversion  tables  for  salt  solutions — Continued. 


Pounds 

Bali- 
meter 
de- 
grees. 

Baum^ 
degrees. 

Speciik 
gntvlty. 

Per 

cent  of 

salt. 

Weight 
ofagal- 
lon  of 
this 
brine  in 
pounds 
of7^ 

each. 

Pounds 
of  salt 

inagal- 
lon  of 

brine  of 

281 

cubic 

inches. 

OaUons 
of  brine 
required 

for  a 
bushel  of 

salt. 

Pounds  of 
water  to 

beev^apo- 
ra^to 

nroducea 

Dushelof 

salt. 

of  coal 
required 
to  pro- 
duce a 
bushel  of 
salt,l 
pound  of 
ooalevap- 
oratin£6 
pounas 
or  water. 

Bushels 
of  salt 

that  can 

be  made 

with  a 

ton  of 

coal  of 

2,000 

pounds. 

M 

17.94 

1.188 

18.286 

9.499 

1.725 

82.44 

260.26 

41.71 

47.949 

70 

18.20 

1.136 

18.660 

9.464 

1.755 

81.89 

245.88 

40.96 

48.802 

71 

18.46 

1.188 

18.816 

9.480 

1.783 

81.89 

241.63 

40.27 

49.662 

72 

18.72 

1.140 

19.080 

9.497 

1.812 

80.90 

237.50 

39.68 

50.526 

73 

18.98 

1.142 

19.846 

9.614 

1.840 

80.42 

233.47 

38.91 

57.397 

74 

19.24 

1.144 

19.610 

9.530 

1.868 

29.96 

229.66 

38.26 

62.272 

76 

19.60 

L147 

19.876 

9.666 

1.899 

29.48 

226.76 

37.62 

53. 153 

76 

19.76 

1.149 

20.140 

9.572 

1.927 

29.04 

222.05 

37.00 

64.041 

n 

20.02 

1.161 

20.406 

9.680 

1.966 

28.62 

218.44 

36.40 

54.934 

78 

20.28 

1.164 

20.670 

9.614 

1.967 

28.17 

214.92 

35.82 

55.834 

79 

20.64 

1.166 

20.986 

9.630 

2.016 

27.77 

211.49 

35.24 

56.739 

80 

20.80 

1.168 

21.200 

9.647 

2.046 

27.38 

208.14 

34.60 

57.660 

81 

21.06 

1.160 

21.466 

9.664 

2.074 

26.99 

204.88 

34.14 

58.568 

82 

21.32 

1.163 

21.730 

9.689 

2.105 

26.66 

201.70 

33.61 

59.471 

83 

21.68 

1.166 

21.996 

9.7D6 

2.134 

26.23 

198.60 

33.10 

60.421 

84 

21.84 

1.167 

22.260 

9.722 

2.164 

25.87 

195.67 

32.60 

61.350 

86 

22.10 

1.170 

22.625 

9.747 

2.105 

26.50 

192.61 

82.10 

62.301 

86 

22.36 

1.172 

22.790 

9.764 

2.225 

25.16 

180.72 

31.62 

63.250 

87 

22.62 

1.176 

28.055 

9.780 

2.256 

94.81 

186.89 

31.14 

64.206 

88 

22.88 

1.177 

23.320 

9.805 

2.286 

24.48 

184.13 

30.68 

65.168 

80 

23.14 

1.179 

23.586 

9.822 

2.316 

24.17 

181.44 

30.24 

66.137 

90 

23.40 

1.182 

28.860 

9.847 

2.348 

23.84 

178.89 

29.80 

67.113 

91 

23.66 

1.184 

24.116 

9.864 

2.378 

23.64 

176.22 

29.37 

68.006 

92 

23.92 

1.186 

94.380 

9.880 

2.408 

28.24 

173.69 

28.94 

69.085 

93 

24.18 

1.180 

24.645 

9.905 

2.441 

22.96 

171.22 

28.63 

70.086 

94 

24.44 

1.191 

24.910 

9.922 

2.471 

22.65 

168.80 

28.13 

71.086 

95 

24.70 

1.194 

25.176 

9.947 

2.604 

22.36 

166.44 

27.73 

72.106 

90 

24.96 

1.196 

25.440 

9.964 

2.534 

22.00 

164.12 

27.85 

73.114 

97 

25.22 

1.198 

25.706 

9.980 

2.565 

21.82 

161.85 

26.97 

74.140 

98 

25.48 

1.201 

25.970 

iaoo5 

2.598 

21.66 

160.63 

26.60 

76.172 

99 

25.74 

1.203 

26.235 

10.022 

2.629 

21.29 

157.45 

26.24 

76.212 

100 

26.90 

1.206 

26.600 

10.039 

2.660 

21.04 

166.32 

25.88 

77.256 

FUBUCATIOVS  OS  KHTERAL  TECHVOLOOT. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  re- 
quested to  limit  their  selection  to  publications  that  may  be  of  especial 
interest  to  them.  Requests  for  publications  should  be  addressed  to 
the  Director,  Bureau  of  Mines, 

The  Bureau  of  Mines  issues  a  list  showing  aU  its  pubUcations  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
ment of  the  price  of  printing.  Interested  persons  should  apply  to 
the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 
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BuLLXTiN  45.  Sand  available  for  filling  mine  workingB  in  the  northern  anthracite 
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298  pp.,  2  pis.,  23  figs. 

Bulletin  81.  The  smelting  of  copper  ores  in  the  electric  furnace,  by  D.  A.  Lym 
and  R.  M.  Eeeney.    1915.    80  pp.,  6  figs. 

Bulletin  84.  Metallurgical  smoke,  by  C.  H.  Fulton.    1915.    94  pp.,  6  pis.,  15  figs. 

Bulletin  85.  Anal3rse8  of  mine  and  car  samples  of  coal  collected  in  the  fiscal  years 
1911  to  1913,  by  A.  C.  Fieldner,  H.  I.  Smith,  A.  H.  Fay,  and  Samuel  Sanf(»rd.  1914. 
444  pp.,  2  figs. 

Bulletin  92.  Feldspars  of  the  New  England  and  Northern  Appalachian  States, 
by  A.  S.  Watts.    180  pp.,  3  pis.,  22  figs. 

Bulletin  104.  Extraction  and  recovery  of  radium,  uranium,  and  vanadium  from 
camotite,  by  C.  L.  FinnoiiB,  R.  B.  Moore,  S.  G.  Lind,  and  O.  C.  Schaefer.  1915. '  124 
pp.,  14  pl8.,  9  figs. 

Bttlletin  106.  The  technology  of  marble  quarrying,  by  Oliver  Bowles.  1916.  174 
pp.,  12  pis.,  83  figs. 

Bulletin  122.  The  {oinciples  and  practice  of  sampling  metallic  metallurgical 
materials,  with  special  reference  to  the  sampling  of  copper  bullion,  by  Edward  Keller. 
1916.    101  pp.,  13  pis.,  31  figs. 

Bulletin  124.  Sandstone  quarrying  in  the  United  States,  by  Oliver  Bowles.    1917. 
pp.,  6  pis.,  19  figs. 

[7LLETIN 128.  Refining  and  utilization  of  Georgia  kaolins,  by  I.  E.  Sproat.    1916. 
p.,  5  pis.,  11  figs. 
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A.  C.  FieldnerT    1913.    42  pp.,  12  figs. 

Technical  Paper  23.  Ignition  of  mine  gas  by  miniature  electric  lamps  with 
tungsten  filaments,  by  H.  H.  Clark.    1912.    5  pp. 

Technical  Paper  43.  The  effect  of  inert  gases  on  inflammable  gaseous  mixtures, 
by  J.  E.  Clement.    1913.    24  pp.,  1  pi.,  8  figs. 

Technical  Paper  50.  Metallurgical  coke,  by  A.  W.  Belden.  1913.  48  pp.,  1  pL, 
23  figs. 

Technical  Paper  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  C.  Field- 
ner.    1914.  ^  59  pp.,  6  figs. 

Technical  Paper  88.  The  radium-uranium  ratio  in  camotites,  by  S.  C.  Lind  and 
O.  F.  Whittemore.    1915.    29  pp.,  1  pL,  4  figs. 

Technical  Paper  95.  Mining  and  milling  of  lead  and  zinc  ores  in  the  Wisconsin 
district,  Wisconsin,  by  C.  A.  Wright.    1915.    39  pp.,  2  pb.,  5  figs. 

Technical  Paper  102.  Health  conservation  at  steel  mills,  by  J.  A.  Watkins.  1916. 
36  pp. 

Technical  Paper  110.  Monazite,  thorium,  and  mesothorium,  by  K.  L.  Kithil. 

1915.  32  pp.,  1  fig. 

Technical  Paper  111.  Safety  in  stone  quarrying,  by  Oliver  Bowles,  1915.  48 
pp.,  5  pis.,  4  figs. 

Technical  Paper  126.  The  casting  of  clay  wares,,  by  T.  G.  McDougal.  1916.  26 
pp.,  6  figs.  , 

Technical  Paper  136.  Safe  practice  at  blast  furnaces,  by  F.  H.  Willcox.  1916. 
73  pp.,  1  pL,  43  figs. 

Technical  Paper  143.  Ores  of  copper,  lead,  gold,  and  silver,  by  C.  H.  Fulton. 

1916.  41pp. 

PUBLICATIONS  THAT  MAT  BE  OBTAINED  ONLY  THROUGH  THE   SUPER- 
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METHODS  FOR  mCREASING  THE  RECOVERY  FROM 

OIL  SANDS. 


By  J.  O.  Lewis. 


INTBODXrCTION. 

In  its  efforts  to  reduce  waste,  and  increase  efficiency  in  oil  produc- 
tion, the  Bureau  of  Mines  is  investigating  methods  of  increasing  the 
recovery  from  the  underground  sources  of  supply,  which  are  the 
foundation  of  the  petroleum  industry  and  the  many  allied  industries 
wholly  or  partly  dependent  on  it.  In  the  face  of  a  demand  that  is  in- 
creasing faster  than  the  production  and  that,  in  the  consensus  of 
opinions  of  well-informed  authorities,  is  soon  likely  to  outstrip  the 
productive  capacity,  it  is  well  to  consider  whether  it  is  not  possible  to 
extract  more  oil  from  the  known  sources  of  supply.  It  is  universally 
acknowledged  that  by  the  usual  production  methods  much  oil  is  left 
underground,  the  general  opinion  being  that  at  least  50  per  cent  of 
the  oil  in-a  field  remains  unrecovered  when  the  field  is  abandoned  as 
exhausted.  From  the  writer's  own  investigations  he  believes  the  aver- 
age recovery  is  even  less,  and  if  any  considerable  portion  of  this  oil 
being  left  underground  could  be  made  available  it  would  have  a 
tremendously  favorable  influence  on  the  petroleum  industry  and  all 
the  industries  dependent  on  it. 

In  this  publication  are  considered  the  principles  involved  in  in- 
creasing recovery  and  methods  of  extracting  more  oil  from  the  oil- 
bearing  formations  than  by  the  usual  ways  of  producing.  These 
methods  are :  The  use  of  gas  or  vacuum  pumps,  forcing  compressed 
air  or  gas  through  the  oil-bearing  formations,  displacing  the  oil  by 
water,  and  better  utilization  of  the  natural  pressures  in  the  oil- 
.  bearing  formations.  Especial  attention  is  being  given  to  a  process — 
commonly  known  as  the  Smith-Dunn — for  forcing  compressed  air 
through  oil-bearing  formations  because  it  is  believed  to  hold  most 
promise  for  the  future. 
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QENEBAL  STATEMENT. 

That  much  of  the  oil  in  a  field  is  never  recovered  is  well  known, 
but  how  large  a  proportion  is  left  underground  and  the  possibility  of 
increasing  the  recovery  can  not  be  fully  realized  until  one  clearly 
understands  that  the  exhaustion  of  an  oil  well  is  due  more  to  the 
exhaustion  of  the  natural  gas,  which  is  the  principal  agent  in  driving 
the  oil  into  the  well,  than  to  the  exhaustion  of  the  oil  itself. 

Facts  presented  in  this  bulletin  go  to  show  that  the  capacities 
of  the  oil  sands  in  the  various  fields  of  the  United  States  are  five  to 
ten  times  greater  than  the  quantities  of  oil  commonly  extracted  from 
them.  If  it  could  be  fully  established,  as  seems  most  probable,  that 
the  pores  of  the  oil-bearing  sands  were  completely  filled  with  oil  at 
the  time  the  fields  were  first  developed,  then  80  to  90  per  cent  of  the 
oil  is  left  underground  when  the  wells  are  abandoned.  Although  the 
evidence  at  hand  does  not  permit  positive  statements  that  this  pro- 
portion is  being  left  underground,  there  is  abundant  evidence  that 
much  oil  capable  of  being  recovered  remains  in  the  sands.  Complete 
extraction  is  not  to  be  hoped  for,  yet  there  is  no  reason  to  conclude 
that  the  maximum  possible  recovery  has  been  reached  when  the 
natural  forces  have  been  exhausted,  and,  furthermore,  it  has  been 
demonstrated  that  it  is  practicable  to  get  more  oil  from  the  sands 
by  the  processes  described  in  this  report. 

It  is  too  soon  to  know  just  how  much  to  expect  from  these  methods 
of  increasing  recovery,  but  the  results  have  been  so  encouraging  that 
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they  give  possibilities  of  new  values  to  the  properties  of  every  pro- 
ducer and  to  the  country  as  a  whole  as  a  new  source  of  supply  to 
ward  off  the  threatened  shortage.  It  would  thus  seem  the  part  of 
wisdom  for  the  individual  producer  and  for  the  general  public  to 
see  that  the  oil  fields  are  left  in  condition  to  use  these  or  any  new  or 
improved  processes  that  may  be  discovered  in  the  future.  It  should 
be  insisted,  as  far  as  practicable,  that  oil  wells  not  now  profitable 
be  abandoned  in  such  manner  that  they  may  be  reclaimed  at  some 
later  date,  when,  as  seems  probable,  new  discoveries  and  improved 
economic  conditions  will  make  their  operation  profitable  once  more. 

The  problem  of  increasing  recovery  divides  itself  naturally  into 
two  phases — a  better  utilization  of  the  natural  forces  in  the  oil-bearing 
formations  and  the  employment  of  artificial  pressures.  Under 
present  conditions  probably  the  only  generally  feasible  methods  for 
recovering  more  oil  from  the  formations  after  the  natural  forces 
have  been  exhausted  involve  the  forcing  of  gases  or  liquids  through 
the  oil-bearing  formation.  Of  the  gases  that  might  be  used,  only  air 
and  natural  gas  are  practically  available,  and  of  the  liquids  only 
water. 

The  oldest  and  most  extensively  used  of  the  methods  previously 
mentioned  is  gas  or  vacuum  pimiping.  By  this  method  the  pressures 
at  the  wells  are  reduced,  permitting  further  expansion  of  the  gas 
and  the  expulsion  of  more  oil  from  the  oil-bearing  formations,  but 
experience  has  shown  that  it  is  not  adapted  to  all  localities,  and 
where  used  has  only  slightly  increased  the  total  recoveries  from  the 
fields.  Productions  of  wells  may  be  increased  several  times,  but  the 
benefits  are  temporary  and  the  additional  expenses  of  operation 
usually  consume  the  additional  gross  value  of  the  production.  Were 
it  not  for  the  gasoline  extracted  from  the  increased  volume  and 
enriched  gas,  gas  pumping  would  seldom  be  profitable. 

Displacing  the  oil  from  the  pores  of  the  oil-bearing  formations  by 
water,  commonly  known  as  flooding,  has  seldom  been  successful,  the 
conspicuous  exception  being  in  the  Bradford  field,  Pennsylvania, 
where  letting  fresh  water  into  the  oil  sand  undoubtedly  has  resulted 
in  increased  recovery.  As  flooding  practically  ends  all  further 
possibilities  of  increasing  recovery  by  other  methods,  its  employ- 
ment until  other  methods  have  been  tried  seems  a  shortsighted 
policy,  even  where  positive  results  have  been  obtained  and  conditions 
are  believed  to  be  exceptionally  favorable,  as  at  Bradford.  Elsewhere 
flooding  has  ordinarily  done  more  harm  than  good,  and  in  the 
occasional  instances  where  a  property  has  been  benefited  it  is  usually 
at  the  expense  of  other  properties  near  by.  Flooding  has  been  held 
in  general  disfavor,  though  a  few  advocates  have  claimed  that  the 
faults  lie  mostly  in  the  ways  in  which  it  is  applied.  In  the  writer's 
opinion  natural  conditions  preclude  its  extensive  success,  and  it  is 
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doubtful  whether  as  much  oil  is  being  obtained,  even  under  the  ex- 
ceptionally favorable  conditions  at  Bradford,  as  would  be  possible  by 
other  means.    Certainly  its  use  in  untried  fields  is  hazardous. 

In  the  Smith-Dunn  process,  also  known  as  the  Marietta  process, 
through  its  first  extensive  use  at  Marietta,  Ohio,  compressed  air  is 
forced  into  the  oil-bearing  formation  through  a  few  of  the  wells 
on  a  property,  thus  forcing  the  oil  underground  toward  the  other 
wells,  from  which  it  is  piunped  in  the  usual  way.  The  process  has 
been  successfully  used  for  nearly  six  years  and  has  been  applied  to 
about  100  properties,  including  about  4,000  wells  mostly  located  in 
the  Appalachian  fields.  It  has  been  successful  in  at  least  80  per  cent 
of  the  cases  where  used,  and  the  records  of  82  properties  show  an 
average  increase  of  three  and  one-half  times  the  production  at  the 
time  the  process  was  started.  The  process  offers  such  possibilities  of 
extended  application  and  of  further  improvements  that  it  is  thought 
to  be  the  most  promising  of  the  methods  so  far  advanced  for  increas- 
ing recovery.  Natural  gas  can  be  used  similarly,  but  because  of  the 
scarcity  and  value  of  natural  gas  where  such  methods  will  be  re- 
sorted to,  its  use  will  less  often  be  practical. 

As  the  exhaustion  of  a  well  depends  principally  upon  the  exhaus- 
tion of  the  gas  associated  with  the  oil,  more  efficient  utilization  of 
the  gas  in  forcing  the  oil  from  the  productive  formation  would  result 
in  increased  extraction.  Only  limited  efforts  have  been  made  to  ap- 
ply this  principle  practically,  but  it  deserves  extended  investigation- 
The  employment  of  the  Marietta  process,  wherein  the  movements  of 
the  oil  and  air  can  be  traced,  has  disclosed  much  information  capable 
of  being  applied  profitably  to  the  production  of  oil  by  natural  forces. 

In  this  bulletin  the  writer  has  discussed  the  theoretical  and  the  ex- 
perimental data  in  some  detail.  PosSbly  the  bulletin  could  have 
been  made  more  useful  to  the  industry  as  a  whole  by  confining  it 
more  closely  to  the  practical  aspects  of  the  subject.  However,  the 
author  thinks  that  as  the  report  is  to  be  put  before  the  industry  when 
entering  an  entirely  new  phase,  that  of  increasing  the  extraction  of 
oil  from  old  fields  instead  of  exploiting  new  fields,  the  publication  of 
the  principles  involved  and  the  presenting  of  most  of  the  information 
at  hand  were  desirable.  The  writer  realizes  that  the  majority  of 
practical  men  will  not  choose  to  go  into  the  subject  deeply,  but  will 
prefer  to  learn  from  others  who  have  used  the  process;  but  for  the 
ninety  and  nine  who  always  follow  there  is  the  one  who  leads,  and 
it  is  hoped  that  the  benefits  that  he  may  derive  from  treating  this 
subject  fully,  and  the  others  indirectly  through  him,  will  justify 
the  manner  of  treatment.  It  has  been  the  endeavor  to  present  the 
practical  information  in  such  a  way  that  a  reader  once  familiar  with 
the  report  can  readily  find  what  is  desired  and  avoid  the  rest. 
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SOHE  FHTSICAL  FBOFEETIES  OF  FETKOLEUH  AND  GASES. 

In  the  following  brief  discussion  of  certain  physical  properties  of 
petroleum  and  gases  only  the  factors  of  relatively  greater  importance 
to  the  recovery  of  oil  are  considered. 

CHABACTEB  OF  CBXJDE  OILS. 

Crude  oils  or  petroleums  are  mixtures  of  bituminous  hydrocarbons, 
some  of  which  are  solids,  some  are  liquids,  and  some  are  gases,  the 
solids  and  gases  being  soluble  in  the  liquids.  A  crude  oil  may  consist 
of  these  various  hydrocarbons  mixed  in  almost  any  proportions,  its 
physical  properties  varying  accordingly.  An  oil  may  contain  a 
quantity  of  the  solid  hydrocarbons  like  asphalt  or  paraffin  and  be 
heavy  and  viscous,  whereas  another  oil  may  consist  largely  of  the 
lighter  fractions  such  as  kerosene  and  gasoline  and  be  correspond- 
ingly light  and  fluid. 

THE  S0LI7BILITT  07  GASES  IN  PETBOLEITH. 

The  gas  held  in  solution  by  the  oil  is  an  especially  important 
factor  in  the  recovery  of  oil  from  the  formations  in  which  it  is  found. 

Under  the  same  conditions  of  temperature  and  pressure  a  particu- 
lar oil  will  absorb  a  fixed  proportion  of  a  particular  gas,  but  this 
proportion  or  coefficient  of  absorption,  as  it  is  called,  varies  with  each 
oil  and  each  gas.  The  gas  is  held  absorbed  in  the  oil  in  the  same 
way  .that  soda  water  is  charged  with  carbon  dioxide.  The  propor- 
tion of  gas  absorbed  is  lessened  under  high  temperatures,  but  is 
greatly  increased  under  high  pressures,  in  accordance  with  Henry's 
law  of  gases.  Enormous  quantities  of  gas  are  held  in  solution  under 
the  high  initial  pressure  found  in  some  oU  wells.  Some  of  the  con- 
stituent gases  are  condensed  at  these  high  pressures  just  as  in  a  com- 
pressor plant,  and  as  long  as^high  enough  pressure  is  maintained 
exist  as  liquids  dissolved  in  the  oil.  Under  such  conditions  the  gas 
is  not  absorbed  as  a  gas  but  as  one  liquid  dissolved  in  another,  and 
a  much  greater  proportion  of  gas  can  be  held  in  solution  when  in 
liquified  form  than  when  uncondensed.  Other  gases  (methane, 
ethane,  and  propane)  are  never  liquified  at  the  pressures  and  tem- 
peratures in  oil  sands  penetrated  by  wells,  but  are  always  found  as 
gases  dissolved  or  absorbed  in  the  oil.*  They  constitute  the  so-called 
dry  gases. 

There  is  little  available  information  on  the  solubility  of  natural 
gases  in  crude  oils.  Burrell  ^  has  stated  that  actual  tests  showed  cer- 
tain California  oils  absorbed  about  15  per  cent  of  their  volumes  of  the 

•  BnrreU,  G.  A.,  Seibert,  F.  M.,  Oberfell,  G.  G.,  The  condensation  of  gasoline  from 
natural  gas :  Bull.  88,  Bureau  of  Mines,  1915,  p.  29. 
>  Letter  to  author. 
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natural  gas  used  in  Pittsburgh,  Pa.  The  solubility  of  certain  gases 
in  Russian 'petroleum  is  shown  by  Gnieswosz  and  Wolfies®  to  be  as 
follows: 

Absorption  coefficients  for  petroleum. 


Gas. 


Nitrogen per  cent . 

Oxygen do... 

Methane  (marsh  gas) do. . . 


Absorption  in 
petroleum. 


At2(rc. 
(68"  F.). 


At  W  C. 
(W  F.). 


Absorp- 
tion in 
water 

at20*C. 

(68*  F.). 


1.40 
2.84 


These  figures  are  especially  interesting  as  showing  the  relative 
solubilities  of  the  two  chief  constituent  gases  of  air  (which  contains, 
approximately,  80  per  cent  nitrogen,  20  per  cent  oxygen)  and  meth- 
ane, which  is  the  principal  constituent  of  most  petroleum  gases,  espe- 
cially during  the  early  lives  of  the  wells.  They  also  show  that 
probably  the  solubility  of  air  is  not  much  less  than  that  of  natural 
gas  high  in  methane.  The  solubilities  of  the  other  petroleum  gases, 
ethane,  propane,  and  butane,  are  much  greater,  as  is  shown  in  Bulle- 
tin 42,*  Bulletin  88,^  and  Technical  Paper  45,*'  so  that  the  gasesi  re- 
leased at  low  pressures  as  in  vacuum  pumping,  have  far  greater 
solubilities  than  methane  and  air. 

When  the  pressures  are  not  too  high,  considerable  quantities  of 
vapors  from  the  lighter  constituents  in  the  oil  are  carried  by  the 
gases,  just  as  water  vapor  is  carried  in  the  atmosphere.  The  carrying 
power  of  all  gases  is  the  same,  provided  no  chemical  reactions  take 
place,  and  air  can  carry  just  as  much  gasoline  vapor  as  can  natural 
gas.  The  vapor-carrying  power  is  decreased  by  high  pressures,  and 
increased  by  high  temperatures.  Under  a  given  temperature  and 
pressure  the  proportion  of  vapor  a  ga^  can  carry  will  vary  according 
to  the  nature  of  the  liquid  from  which  the  vapor  is  derived.  Burrell 
gives  the  following  figures  on  the  maximum  carrying  power  of  air 
for  vapors  of  light  petroleum  distillates  at  atmospheric  pressure.^ 

•  Gnieswosz,  S.,  and  Wolfles,  A.,  Absorption  of  gases  by  petroleum  :  Ztschr.  Phys.  Chem.. 
Bd.  1.  1887,  p.  70. 

•  Barren,  G.  A.,  and  Setbert,  F.  M.,  The  sampling  and  examination  of  mine  gases  and 
natural  gas :  Boll.  42,  Bureau  of  Mines,  1918,  pp.  97-98. 

•  Burrell,  G.  A.,  Selbert,  P.  M.,  and  Oberfell,  G.  G.,  The  condensation  of  gaRoline  from 
natural  gas :  Bull.  88,  Bureau  of  Mines,  1915,  pp.  47-48,  69. 

'Blatchley,  R.  S.,  Waste  of  oil  and  gas  in  the  Mid-Continent  fields:  Tech.  Paper  45» 
Bureau  of  Mines,  1914,  p.  44. 

•  Burrell,  G.  A.,  Hazards  in  handling  gasoline :  Tech.  Paper  127,  Bureau  of  Mines,  1915, 
p.  9. 
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Proportions  of  different  grades  of  guLSoUne  vapor  thai  air  wiU  carry  at  a  temr 

peratureof  nM""  C.  (65.5**  F,). 

ProportloD  of  gasoline 
Grade  of  gasoline.  yapor  ( per  cent ) . 

Cleaner's  naphtha 5.0 

64**  B.  gasoline 11.0 

eo**  B.  gasoline 15.0 

73**  B.  gasoline 1 28.0 

It  will  be  noted  that  the  lighter  the  gasoline  the  greater  the  quan- 
tity of  its  vapor  which  a  gas  can  carry. 

As  the  pressure  is  reduced  in  a  producing  oil  sand  the  absorbed 
gases  are  released  from  solution  and  the  liquefied  gases  expand  and 
become  true  gases  while  quantities  of  gasoline  vapor  are  carried  in 
the  gases.  At  every  reduction  of  pressure  there  is  a  corresponding 
liberation  of  gas  and  an  increase  in  the  quantity  of  gasoline  vapors, 
so  that  the  gas  becomes  richer  and  richer  as  the  pressure  is  reduced, 
and  is  more  desirable  for  the  making  of  gasoline.  In  the  expansion 
of  the  gases,  as  the  pressure  is  reduced,  an  enonrious  amount  of 
energy  is  released  which  is  the  principal  force  in  driving  the  oil  from 
the  sand  into  the  wells. 

The  relative  proportion  of  oil  and  gas  in  the  oil  sand  varies  in  the 
different  fields.  Often  there  is  more  gas  than  can  be  held  in  solution 
under  the  pressures  in  the  oil  sand,  and  under  such  circumstances 
the  excess  gas  is  found  in  separate  bodies,  either  in  a  higher  part  of 
the  same  oil  sand  or  in  other  sands  overlying  the  oil.  As  the  pres- 
sures generally  increase  with  depth,  usually  more  gas  is  found 
absorbed  in  the  oil  in  the  deep  sands  at  the  higher  pressures,  and 
consequently  the  oil  contains  more  potentiial  energy. 

VISCOSITY,  CAPTTJiAKITY,  AND  ADHESION. 

The  physical  properties  of  viscosity,  capillarity,  and  adhesion  of 
an  oil  have  an  important  effect  <mi  its  extraction  from  the  oil  sand,  as 
they  tend  to  oppose  the  expulsion  of  the  oil  from  the  sand,  and  must 
be  overcome  in  processes  for  increasing  the  recovery  of  oil. 

viscosrrr. 

Viscosity  is  defined  as  the  internal  friction  of  a  fluid.  Oils  of  low 
viscosity,  like  the  light  oUs  of  the  eastern  fields,  flow  rapidly,  whereas 
ih6»  thick  heavy  oils  of  California,  with  high  viscosities,  flow  slowly. 
The  viscosity  of  an  oil  is  greatly  decreased  by  heat  and  increased  by 
cold.  Viscosity  retards  the  movement  of  the  oU,  but  given  sufficient 
time  its  effect  will  be  overcome  even  by  relatively  low  pressures. 
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CAPILLARm. 

Capillarity  is  the  property  that  causes  a  liquid  to  be  drawn  into 
small  narrow  spaces  even  against  the  force  of  gravity.    Oil  rising 
into  a  lamp  wick,  or  ink  soaking  into  a  blotter,  are  familiar  examples. 
A  piece  of  dry  sandstone,  or  a  tube  full  of  dry  sand,  will  draw  oil 
up  into  it  in  the  same  manner,  and  this  oil  will  not  drain  out  natu- 
rally.   The  oil  will  rise  rapidly  at  first  and  then  slower  and  slower,  but 
given  sufficient  time  oil  will  rise  into  sand  or  sandstone  for  some  dis- 
tance, which,  however,  will  seldom  be  more  than  18  inches  above  the 
level  of  the  fluid.    Near  the  fluid  level,  the  sand  or  sandstone  will  be 
found  to  be  almost  completely  saturated,  butat  the  top  of  the  capil- 
lary rise  the  pore  spaces  will  be  only  partly  filled  with  oil.    The  rise 
of  the  oil  in  the  sandstone 
will  depend  upon  the  char- 
acter of  the  oil  (its  surface 
tension  and  specific  grav- 
ity), the  temperature,  and 
the  fineness  of  the  saad. 
The  principal  factor  is  the 
fineness  of  the  pores  in  the 

FiouBK  I.^A  pile  of  aand  smtni.  showtog  how  oil  Is   Sand,   the   Oil   rising   mocb 
retained  bj  caplllarlt,  and  adbesloD.  ^^^^^j.   ^j^^    g^^^   jj^^    p^^^ 

spaces  are.  If  oil  is  poured  through  sand  it  will  be  found  that  some 
of  the  oil  will  be  retained  in  the  finer  pore  spaces  or  at  the  point  of 
contact  of  the  sand  grains  even  though  it  is  above  the  limit  of  capil- 
lary rise.    Figure  1  illustrates  this  condition. 

ADHESION. 

The  term  adhesion  is  herein  used  to  designate  the  adhering  of  a 
film  of  liquid  to  the  surface  of  a  solid  such  as  a  grain  of  sand.  If  a 
sheet  of  glass  is  dipped  into  oil,  part  of  the  oil  will  not  drain  oflf,  but 
remains  wetting  the  surface  of  the  glass.  In  the  same  way  a  sand 
from  which  oil  has  been  drained  will  have  the  surface  of  each  grain 
wet  with  oil  as  well  as  having  oil  held  in  the  finest  pore  spaces  and 
in  the  angles  of  contact  of  the  grains.  The  film  of  oil  on  each  sand 
grain  is  very  thin,  but  on  account  of  the  enormous  a@^;regate  surface 
area  of  all  the  grains  in  a  fine-grained  sand  or  sandstone,  a  consider- 
able quantity  of  oil  may  be  retained  in  this  way.  In  fine  uncemented 
sand  there  may  be  an  aggregate  surface  of  several  hundred  square 
feet  in  a  cubic  foot  of  packed  sand. 

CHABACTER  OF  OIL  SANDS. 

Sands  and  sandstones  are  by  far  the  most  important  oil-producing 
formations.     Next  In  importance  is  porous  limestone,  and  occasion- 
lly  oil  is  produced  commercially  from  other  porous  formations  such 
i  fractured  shales,  or  vesicular  lavas. 
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VABI&TIONS  US  CHASACIEB  OF  OH.  aAin}S. 
An  oil  sand  may  be  loose  and  hardly  more  consolidated  than  a 
beach  sand,  like  some  of  those  found  in  California  and  Texas,  or  it 
may  be  as  hard  and  compact  as  building  stone,  such  as  those  found 
in  the  Appalachian  fields.  The  sand  grains  may  be  almost  micro- 
scopic in  size,  o^  as  large  as  pebbles,  and  they  may  be  angular  or 
well-rounded]  of  uniform  size  or  variegated.  The  sand  may  be 
clean  and  free  of  silty  material,  mica,  or  natural  cement,  or  the  inter- 
spaces may  be  almost  entirely  occupied  by  such  material.  The  poros- 
ity may  be  over  40  per  cent  or  less  than  10  per  cent.  All  these  differ- 
ences influence  the  yield  of  oil,  the  quantity  retained  after  the  exhaus- 
tion of  the  gas,  and  the  movements  through  the  sands  of  water,  oil, 
gas,  or  air.  These  variations  are  the  causes  of  many  of  the  problems 
to  be  solved  in  increasing  recovery. 


^^g  Bhal*  or  shale        K'^  Coarse  sand.  FTTTl  *''"*  pMf™*  E3^  ^''"  "*'"'  '""'■ 

Fianu  2, — 81[«tcb  of  an  oil  sand  sbowlng  varlatlan  tn  teitnre  and  beddlns- 

The  arrangement  and  shapes  of  the  pores  in  dolomitic  limestones 
are  not  the  same  as  in  sands  and  sandstones;  consequently  they  will 
have  different  effects  upon  the  retention  of  oil  and  the  movements  of 
fluids  through  them.  These  factors  may  prove  of  much  practical 
importance  in  forcing  air  through  the  rock  to  increase  recovery,  as 
has  been  shown  by  experience  with  the  Smith-Dium  or  Marietta 
process  in  wells  in  the  Trenton  limestone  of  Ohio  and  Indiana.  The 
natures  of  the  pores  in  sands,  sandstones,  and  dolomitic  limestones 
are  shown  in  figure  1  and  Plates  I,  A,  and  II. 

An  oil  sand  consists  of  many  strata  of  different  textures  and  charac- 
ters, as  shown  in  figure  2,  being  in  reality  a  group  of  sands,  fre- 
quently separated  by  more  or  less  impervions  layers.  These  breaks,  or 
shale  partings,  may  be  so  thin  that  they  are  not  noticed  in  drilling, 
yet  they  will  separate  locally  one  layer  from  the  other  as  effectively 
as  though  they  were  several  feet  thick.  In  all  strata  it  is  much  more 
difficult  for  liquids  or  gases  to  move  across  the  bedding  from  one 
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layer  into  another  than  along  the  bedding.  Examinations  of  the 
outcrops  of  sandstones  disclose  these  facts,  while  in  drilling  new  wells 
or  deepening  old  wells  it  is  frequently  found  that  a  difference  of  a  few 
inches  in  depth  will  make  a  tremendous  difference  in  the  capacity 
of  a  well,  showing  that  the  drill  has  passed  through  a  tight  part  of 
the  sand  into  an  open  part.  • 

Similarly  an  oil  sand  or  one  of  its  layers  is  never  of  the  same 
texture  throughout  the  area  of  the  field.  A  well  at  one  location  will 
find  a  good  production,  while  at  the  next  location  ihQ  sand  may  be 
so  tight  that  it  will  yield  practically  no  oil,  or  the  sand  may  be 
entirely  replaced  by  shale.  In  some  places  the  sand  layers  are  evenly 
stratified;  in  other  places  the  layers  are  cross-bedded  and  irregular 
in  thickness  and  texture.  These  variations  may  occur  within  short 
distances  and  with  no  regularity,  so  that  porous  streaks  tlirough  the 
formation  will  cause  liquids  or  gases  to  travel  between  wells  in  the 
most  erratic  ways.  Occasionally  an  oil  sand  is  claimed  to  be  uniform 
over  a  whole  field,  as  at  Bradford,  Pa.,  but  this  is  only  relatively  true, 
as  important  variations  are  found  there  also. 

THE  POBOSITIES  OF  OIL  SANDS. 

The  porosity  or  voidage  is  greater  in  a  clean,  even-grained  un- 
cemented  oil  sand  regardless  of  the  size  of  the  grains.  Where  the 
grains  are  not  of  uniform  size,  the  smaller  grains  may  fill  the  spaces 
between  the  larger  grains  and  thus  reduce  the  porosity.  Silt  and 
cementing  material  likewise  reduce  the  porosity. 

Porosity  is  one  of  the  primary  factors  of  productiveness,  as  it  rep- 
resents the  capacity  of  a  sand  for  storing  oil.  "  Pay  streaks  "  are  the 
most  porous  or  coarsest  parts  of  the  oil  sand  and  yield  oil  most 
readily,  yet  it  is  a  mistake  to  assume  that  all  the  oil  is  derived  from 
one  comparatively  thin  part  of  the  sand  body,  for  productiveness  is 
largely  a  relative  factor  and  no  part  of  a  sand  is  entirely  lacking  in 
porosity. 

So  little  information  was  available  on  the  porosities  of  sands  actu- 
ally producing  oil  that  it  was  necessary  to  take  data  published  <hi 
building  stones,  water  supply,  agriculture,  and  general  engineering. 
These  data  are  believed  to  represent  fairly  the  capacities  of  produc- 
tive sands  of  corresponding  types  because  there  are  no  general  differ- 
ences between  productive  and  unproductive  sands  except  as  to  con- 
tents, although  the  latter  include  some  sands  that,  even  if  they  were 
oil  bearing,  probably  would  be  incapable  of  commercial  production 
because  their  porosities  would  be  too  low  or  their  pores  too  anall. 

King  shows  the  average  porosity  of  135  samples  of  uncemented 
sands  and  soils  to  be  nearly  84  per  cent.®  The  generally  accepted 
figure  in  engineering,  water  supply,  and  agricultural  publications  is 

•  KIdr,  p.  H.,  Conditions  and  movements  of  undergrotmd  waters :  U.  S.  Geol.  Survey, 
L9tli  Annual  Bept.,  pt,  2,  1899,  pp.  209-15. 


S.    AIR-COMPRESSOR  PLANT  KEAR  MARIETTA.  OHIO,  SHOWING  PIPING  FOR  COOLING  THE 


ENmRGEO  SECTION  OF  TRENTON  LIMCSTONE.  SHOWING  NATURE  Or  PORES.    AFTER  ORTON. 


OHABACTEB  OF  OIL  SANDS. 


17 


30  to  35  per  cent  porosity  for  clean  unconsolidated  sands.  Porosities 
of  the  uncemented  oil  sands  of  California  range  up  to  40  per  cent,  and 
many  individuals  report  tests  showing  30  per  cent  or  more.  For 
California  oil  sands,  an  average  porosity  of  25  per  cent  is  estimated, 
which  is  believed  to  be  a  conservative  figure  in  view  of  the  evidence. 
Table  1  diows  the  porosities  of  about  200  sandstones  of  the  build- 
ing-stone type.  Based  on  these  data  the  porosities  of  the  oil  sands 
of  the  Appalachian  fields  are  estimated  to  average  12^  per  cent,  and 
for  the  Mid-Continent  fields  and  Illinois,  17^  per  cent  In  consider- 
ing the  porosities  as  given  in  the  table,  two  facts  should  be  noted. 
First,  the  ordinary  methods  of  determining  the  porosities  of  sand- 
stones generally  lead  to  low  results ;  and,  second,  building  sandstones 
are  chosen  for  hardness  and  low  porosity,  whereas  oil  sandstones  are 
of  the  softest,  the  least  compact,  and  the  most  porous  varieties  in 
each  district.  Undoubtedly,  the  average  porosities,  especially  those 
computed  from  "  ratios  of  absorption,"  are  too  low,  and  these  figures 
include  many  sandstones  of  the  types  that  are  considered  to  be  too 
tight  for  production  in  an  oil  field. 

Table  1. — The  porosities  of  sandstones. 


LocaUty. 


Mezia.  Tex.a... 
Petroua,  Tex.». 

01iio« 

Missouri  li 

Wisoonsin  « 

Washington/.. 
Enropeff 


Number 
of  tests. 


6 

6 

32 

3 

7 


Porosity. 


Limits. 


16. 60  to  34. 20 
18. 50  to  27. 00 
16. 87  to  17. 83 

7. 01  to  23. 77 
4. 81  to  28. 28 

10. 61  to  18. 00 
6. 90  to  25. 50 


Average. 


25.40 
i22.75 
16.63 
17.74 
15.89 
13.17 
U6.20 


Character  of  rock. 


Qassand. 

Do. 
Berea  grit  (building  stone). 
Building  stone. 

Do. 

Do. 

Do. 


Locality. 


Northeastern  States* 

Ohio  and  TiMHanA  k 

Wisconsin,  Minnesota,  Iowa,  Missouri,  Michigan*. 

Colorado,  Utah  A 

Other  localities* 


Total  or  average. 


Number 
of  tests. 


25 
29 
34 
27 
10 


134 


Average 
ratio  of 
absorp- 
tion. 


2.66 
5.22 
7.93 
9.85 
5.89 


6.50 


Com- 
puted 
porosity./ 


5.98 
11.75 
17.84 
22.20 
13.25 


14.60 


Character  of 
rock. 


Building  stone 
Do. 
Do. 
Do. 
Do. 


a  Mataon,  G.  C,  Oas  prospects  south  and  southeast  of  Dallas,  Tex.:  BuU.  629,  U.  S.  Oeol.  Survey,  1916, 
p.  02. 

b  Shaw,  E.  W.,  Oas  in  the  area  north  and  west  of  Fort  Worth,  Tex.:  Bull.  629,  U.  S.  Oeol.  Survey,  1916, 
p.  36. 

c  BownookoN  J.  A.^uilding  stones  of  Ohio:  State  Oeol.  Survey  Bull.  18, 4th  ser.,  1915,  p.  77. 

d  Buckley,  E.  R.,  The  quarrying  industry  of  Missouri:  Missouri  Bureau  of  Geology  and  Mines,  vol.  2, 
adser.,  1904,  p.  317. 

<  Buckley,  £.  R.,  Building  and  ornamental  stones  of  Wisconsin:  Wisconsin  Ged.  and  Nat.  Hist.  Survey 
Bull.  4,  eoon.  ser.  No.  2, 1898,  p.  402. 

/  Shedd,  8.,  Building  and  ornamental  stones  of  Washington:  State  Geol.  Survey  Annual  Rept.,  for  1902, 
vol.  2, 1903,  pp.  134-136. 

g  Foester,— .  Baumaterialenkunke,  vol.  1.  p.  13. 


Carboniierous  sandstones  oi  western  Indiana:  20th  Annual  Rept.  Dept.  Geol.  and  Nat.  Resources  of  Indi- 
ana, 1896,  p.  323;  Buckley,  E.  R..  Building  and  ornamental  stones  or  Wisoonsin,  Bull.  4,  eoon.  ser.  No.  2: 
Wisconsin  Geol.  and  Nat.  Hist.  Survey,  1898,  p.  414;  Smock,  J.  C,  Buildingstone  tax  New  York.  Bull. 
New  York  Museum,  vol.  2,  No.  10,  ^ptember,  1890.  pp.  195-395.  Bain,  H.  F.,  Properties  and  tests 
of  Iowa  building  stones:  Iowa  Geol.  Survey  Annual  Kept.,  1897,  vol.  8, 1898,  p.  410. 

i  Mean. 

/  Porodty  oomputed  by  multiplying  the  ratio  of  absorption  by  a  factor  of  2},  which  is  justified  bv  Buckley . 
E.  R.,  The  quarrying  industry  of  Missonri:  Missouri  Bureau  of  Geology  and  Mines,  vol.  2,  2d  ser.,  1904, 
p.  308. 
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White**  from  tests  estimated  the  porosities  of  West  Virginia  oil 
sands  to  range  from  10  to  20  per  cent.  Carll  *  from  tests  of  Pennsyl- 
vania oil  sands  admittedly  made  in  a  crude  way  estimated  the 
porosity  to  be  from  one-fifteenth  to  one-tenth. 

EPFECTS    OF    TEXTUBE   AND   CONTENTS   OF   A   SAND    ON    MOVE- 
MENTS OF  LIQUIDS  OB  GASES. 

The  texture  of  an  oil  sand  has  an  important  eflfect  on  the  frictional 
resistance  to  the  movement  of  any  fluid  passing  through  it.  The 
following  table  adapted  from  Slichter  ®  illustrates  the  effect  of  the 
relative  size  of  the  grains  and  porosities  of  sands  upon  the  resistance 
to  the  movement  of  water  through  it : 

Table  2. — Relative  velocities  of  water  moving  through  sands   of   different 
porosities  and  size  of  grains  under  the  same  temperature  and  pressure. 


Kind  of  sand. 


Very  fine.. 

Fine 

Medium.... 

Coarse 

Fine  gravel 


Diameter 
of  grains, 
in  frac- 
tion of 
an  inch. 


1/254 
2/254 
4/254 
8/254 
50/254 


Relative  velocity  of  water  throu^ 
sand  having  porosity  of— 


30  per  cent. 


0.003282 
.01316 
.05270 
.2106 

8.220 


34  per  cent 


0.004060 
.01983 
.07040 
.3175 

12.40 


38  per 
cent. 


0.007170 

.02865 

.1145 

.4585 

17.90 


The  movements  of  oil,  gas,  or  air  will  be  affected  just  as  much  as 
that  of  water  by  the  texture  of  the  sand,  a  relatively  slight  difference 
in  texture  making  a  large  difference  in  the  resistance.  For  ex- 
ample, decreasing  the  porosity  of  a  sand  by  about  one-fifth  increases 
the  resistance  more  than  two  times,  and  if  the  sand  grains  are  de- 
creased to  one-half  the  former  size  the  resistance  is  increased  four 
times.  Between  ihe  very  fine  sand  and  the  fine  gravel  of  the  same 
porosities  there  is  a  difference  in  resistance  of  2,500  times.  This 
means  that  air,  gas,  oil,  or  water  would  advance  along  a  layer  of 
the  fine  gravel  about  2,500  times  faster  than  along  a  layer  of  very 
fine  sand. 

Besides  the  texture  of  the  oil  sand,  the  character  and  distribution 
of  its  contents  influence  the  movements  of  other  fluids  through  it. 
Water  moves  through  sands  more  readily  than  oils,  especially  the 
heavy,  viscous  oils,  and  air  and  gas  move  through  far  more  readily 
than  either.  For  these  reasons  a  barren  or  partly  drained  part  of 
the  oil  sand  will  offer  less  resistance  to  the  movements  of  air,  gas, 

«  White,  I.  C,  Petroleum  and  natural  gas :  West  Virginia  Geol.  Survey,  voL  lA,  1904, 
p.  45. 

*  Carll,  J.  F.,  The  geology  of  the  oil  regions  of  Warren,  Venango,  Clarion,  and  Butler 
Counties :  Second  Geol.  Survey  of  Pennsylvania,  vol.  8,  1880,  p.  251. 

«  Slichter,  C.  S.,  Field  measurements  of  the  rate  of  movement  of  underground  waters : 
Water  Supply  Paper  140,  U.  S.  OeoL  Survey,  1906,  p.  12. 
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or  water  than  the  other  parts,  provided  this  effect  is  not  counteracted 
by  differences  in  texture. 

Experiments  showed  how  the  movements  of  air  or  gas  are  influ- 
enced by  the  contents  of  a  sand.  A  tube  was  packed  tightly  with  the 
fine  sand  saturated  with  a  California  oil  of  25°  B.  used  in  Table  3. 
Compressed  air  from  a  small  laboratory  compressor  was  forced 
through  the  tube  at  the  full  capacity  of  the  compressor.  The  results 
are  tabulated  below. 

Expulsion  of  oU  from  a  sand  by  compressed  air. 


Total 
time. 

Total 
recovery. 

Pressore. 

Hrs,  min. 

3 

5 

10 

15 

45 

1    15 

1    45 

3    15 

17    15 

Percent, 

Pounds, 
125 
45 

50 

55 

57 

64 

66 

67.5 

69.5 

72 

35 

30 

28 

The  first  oil  was  expelled  at  50  pounds  pressure.  The  tube  full  of 
sand  before  being  filled  with  oil  showed  a  resistance  of  18  pounds. 
Similar  results  were  obtained  in  other  experiments,  the  resistance  to 
the  movements  of  air  or  gas  decreasing  greatly  with  the  decrease  in 
saturation  of  the  sand,  although  the  volumes  of  free  air  forced 
through  the  sand  at  low  pressures  were  considerably  greater  than 
at  the  higher  pressures. 

When  air,  gas,  or  water  is  forced  into  an  oil  sand  it  tends  to  follow 
the  line  of  least  resistance,  governed  mostly  by  the  texture  and  the 
contents  of  the  sand.  If  a  part  of  the  sand  is  dry,  or  formerly 
contained  nothing  but  gas,  it  will  be  in  the  line  of  leag^  resistance 
provided  the  texture  is  not  too  tight.  If  there  is  no  gas  sand,  the 
line  of  least  resistance  will  probably  be  through  the  former  pay 
streaks  or  possibly  the  water  channels.  Water  tends  to  follow  along 
the  bottom  of  the  sand  and  down  the  dip,  whereas  gas  or  air  tends 
to  flow  in  the  opposite  direction,  but  in  the  eastern  fields  especially 
these  tendencies  are  apt  to  be  modified  or  overcome  by  the  character 
and  contents  of  the  various  layers  of  sand,  which  will  be  relatively 
more  important.  Where  the  top  of  the  sand  layers  has  been  partly 
drained  of  oil  it  will  afford  a  channel  of  less  resistance,  and  likewise 
where  there  is  less  gas  pressure  will  be  a  line  of  low  resistance. 
Progressively  with  the  extraction  of  the  oil  from  the  sand,  the  gas, 
air,  or  water  tends  to  follow  the  parts  of  the  formation  where  least 
oil  remains. 
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EZPxnsioN  OF  on.  feoh  a  saitd. 

When  a  well  is  drilled  through  the  impervious  strata  capping 
an  oil  sand  the  pressure  is  released  at  that  point  and  an  avenue  of 
escape  for  the  oil  and  gas  is  afforded.  The  gas  absorbed  in  the  oil 
immediately  expands  and  flows  toward  the  hole,  moving  oil  with 
it.  As  there  is  less  frictional  resistance  to  the  movement  of  the 
gas  it  moves  much  faster  than  the  oil,  and  consequently  the  gas  is 
exhausted  first.  While  the  pressure  is  high  only  the  dry  gases  ab- 
sorbed in  the  oil  are  liberated,  but  as  the  pressure  is  reduced  by  the 
escape  of  gas,  the  wet  gases,  liquefied  and  dissolved  in  the  oil,  are 
released  and  supply  energy.  The  composition  of  the  gas  changes  as 
the  pressure  is  reduced,  the  proportion  of  ethane  and  other  higher 
hydrocarbon  gases  and  vapors  increasing  so  that  the  gas  begins 
to  get  "wet"  and  becomes  valuable  for  the  extraction  of  gasoline 
by  compression.  There  comes  a  time  in  the  life  of  the  well,  pro- 
vided it  is  not  prematurely  cut  off,  when  practically  all  of  the  force 
of  the  compressed  gas  absorbed  in  the  oil  has  been  expended  and 
gravitation  is  the  principal  remaining  force.  The  movement  of  the 
oil  then  may  become  so  slow  that  it  does  not  flow  into  the  well  rapidly 
enough  to  make  a  profitable  production,  and  the  well  is  abandoned, 
although  only  a  minor  part  of  the  oil  may  have  been  removed  from 
the  sand.  The  well  is  said  to  be  exhausted,  yet  in  reality  it  is  not 
the  oil,  but  the  expulsive  forces  which  have  been  exhausted. 

The  gas  absorbed  imder  pressure  in  the  oil,  or  possibly  entrapped 
in  the  pores  of  the  sand,  is  the  principal  source  of  energy  for  ex- 
pelling the  oil  from  the  sand.  Occasionally  the  flow  of  oil  is  as- 
sisted by  the  pressure  of  free  undissolved  gas  which  may  overlie  the 
oil  in  the  same  sand  body  or  by  the  movements  of  water.  Gravita- 
tation  is  comparatively  a  weak,  slow-acting  force,  especially  where 
the  dips  of  the  oil  sands  are  low  and  where  the  sand  is  irregular  in 
texture  and  bedding,  these  being  the  commonest  conditions  in  the  oil 
fields  of  the  United  States.  The  decrease  in  production  follows 
closely  the  decline  of  gas  pressure  at  the  well,  and  when  the  pressure 
is  practically  exhausted  the  well  reaches  a  very  low  production, 
although  much  oil  may  remain  in  the  sand.  This  shows  that  gravita- 
tion alone  moves  the  oil  so  slowly  that  it  has  little  practical  effect 
Experiments  indicate  the  same  fact,  and  there  can  be  no  doubt  that 
the  predominant  expulsive  force  is  the  energy  stored  in  the  com- 
pressed gas  absorbed  in  or  associated  with  the  oil.  This  is  also  the 
common  opinion  of  others  who  have  considered  the  subject  for  the 
major  part  of  the  oil  recovered  from  a  field  is  produced  during  the 
l>eriods  when  the  wells  flow  or  are  pumped  so  "  high  off  bottom  "  that 
little  or  no  oil  could  drain  out  of  the  sand  against  the  column  of 
fluid  standing  in  the  hole. 
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HOW  OIL  IS  BETAINED  IS  THE  SAND. 

The  expulsion  of  the  oil  from  the  sand  is  retarded  and  opposed 
by  viscosity,  capillarity,  adhesion,  and  frictional  resistance  in  the 
sand.  It  has  been  shown  that  viscosity  is  greatest  for  heavy  oils  and 
at  low  temperatures,  and  how  the  other  factors  are  most  important  in 
fine  sands  of  low  porosity,  especially  if  thinly  or  irregularly  bedded. 
Frictional  resistance  is  further  increased  by  the  sands  being  clogged 
by  the  deposition  of  waxy  materials  from  oils  of  paraffin  base  or 
by  the  accumulation  of  silty  materials  or  "floating  sand"  in  the 
pores  of  the  sands.  A  portion  of  the  energy  released  from  the  ex- 
panding gas  is  used  up  in  overcoming  the  resistance  from  these 
causes,  but  in  addition  much  of  the  energy  is  wasted,  owing  to  the  es- 
cape of  gas  without  doing  work.  There  is  a  marked  tendency  for  the 
gas  to  slip  by  the  oil  through  the  larger  pores  of  the  sand  and  through 
parts  of  the  sand  body  offering  least  resistance  without  expending 
much  energy  in  actually  moving  oil,  this  tendency  increasing  enor- 
mously with  the  removal  of  the  oil,  as  shown  by  the  experiment  cited 
previously. 

It  is  likely  that  in  sands  where  there  is  the  greatest  opposition  to 
the  expulsion  of  oil — ^that  is,  in  fine  sands  of  low  porosity  and  with 
heavy  oils — there  will  be  relatively  less  waste  of  energy,  for  the  gas 
will  not  be  so  apt  to  slip  through  the  sand  without  moving  oil.  This 
probably  explains  why  tight  sands  and  heavy  oils  usually  give  wells 
that  maintain  their  productions  very  steadily.  But  the  more  irregu- 
lar the  texture  and  the  character  and  proportion  of  contents  of  a  sand 
body  the  greater  will  be  the  waste  of  energy  which  is  essentially 
like  the  "  by-passing  "  of  air  in  the  Smith-Dunn  or  Marietta  process 
that  has  proved  to  be  one  of  the  chief  difficulties  to  overcome  in  the 
use  of  compressed  air. 

The  proportion  of  oil  recovered  from  an  oil  sand  may  be  said  to 
represent  a  balance  of  the  energy  originally  stored  in  the  oil  sand 
with  the  waste  of  energy  and  the  opposition  to  the  expulsion  of  the 
oil.  This  might  be  termed  the  "efficiency  of  expulsion,"  and  will 
depend  not  only  on  the  natural  conditions  but  also  upon  the  manner 
in  which  the  producer  operates  his  wells.  While  the  operator  can 
not  control  the  original  conditions  of  energy  and  resistance  in  the 
sand,  he  can  partly  control  the  efficiency  of  expulsion.  As  it  is 
the  energy  contained  in  the  compressed  and  absorbed  gas  rather  than 
the  oil  that  is  exhausted,  it  is  but  logical  to  judge  the  efficiency  of 
a  producing  method  largely  by  the  relative  quantities  of  gas  pro- 
duced with  each  barrel  of  oil.  If  by  a  change  in  method  the  pro- 
ducer lessens  the  proportion  of  gas  with  each  barrel  of  oil,  he  should 
increase  the  total  recovery  of  oil  correspondingly,  even  if  the  rate  of 
production  is  temporarily  reduced  somewhat. 
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Of  the  oil  retained  in  the  sand  after  a  well  has  reached  economic 
exhaustion  under  the  customary  production  methods,  part  is  retained 
so  tightly  by  capillarity  in  the  finest  pores  as  well  as  by  fulhesion 
to  the  surfaces  of  the  sand  grains  (fig.  1)  that  its  removal  seems  to 
be  possible  only  by  using  heat  or  solution.  How  much  oil  may  thus 
be  retained  is  shown  by  Table  3,  although  other  experiments  have 
disclosed  that  a  somewhat  greater  proportion,  especially  of  the 
heavier  oils  and  in  the  finer  sands,  may  be  removed  by  the  continued 
passage  of  compressed  air  or  gas  through  the  sand.  This  quantity 
retained  appears  to  mark  the  ultimate  limits  of  recovery  of  any  of 
the  methods  discussed  in  this  paper,  but  between  this  probably  irre- 
coverable minimum  and  what  ordinarily  has  been  left  in  the  oil  sands 
there  is  a  vast  quantity  of  oil  that  can  be  recovered  by  the  agencies 
discussed.  This  includes  oil  that  in  time  would  drain  out  naturally, 
and  oil  that  is  trapped  in  the  sands  by  water  or  pocketed  in  irregu- 
larities in  the  sand  body.  Some  other  forces  than  gravity  or  the 
weak  gas  pressure  remaining  in  the  sand  are  required  to  expel  sudi 
oil  at  a  commercial  rate. 

Probably  the  bulk  of  the  oil  retained  in  the  sand  is  oil  that  theo- 
retically can  be  recovered.  How  viscosity  and  f rictional  resistance 
retard  the  movements  of  the  oil  has  been  discussed.  After  the 
sand  has  been  partly  drained  the  movement  of  oil  is  so  retarded  from 
these  causes  that  it  becomes  exceedingly  slow  even  under  the  most 
favorable  conditions.  Usually  the  oil  sand  is  split  into  many  layers 
and  lies  nearly  flat  so  it  readily  may  be  understood  how  much  oil 
might  remain  in  the  sand  and  yet  the  well  not  yield  commercial  pro- 
duction. A  measure  of  the  force  of  gravitation  under  these  condi- 
tions may  be  gained  from  considering  the  results  from  using  vacuum 
pimips  on  wells  that  are  nearly  exhausted.  Eeducing  the  pressure 
only  10  to  12  pounds  will  often  double  or  treble  the  production  for 
the  time  being. 

It  has  been  shown  how  capillarity  holds  the  oil  in  the  sand,  more 
oil  being  held  at  the  base  and  less  toward  the  top.  The  proportion 
retained  will  be  largest  in  the  finest  grained  sands,  and  the  pro- 
portion will  be  greatly  increased  where  the  sands  are  thinly  and 
irregularly  bedded.  Every  impervious  or  semi-impervious  streak 
of  shale  or  other  material,  no  matter  how  thin,  will  act  as  a  base  for 
capillarity,  although  if  the  beds  dip  steeply  much  of  the  oil  will 
drain  down  the  slope  by  gravity.  Likewise  streaks  of  coarser  or 
more  porous  sands  will  cause  the  retention  of  more  oil  in  the  finer 
parts  of  the  sand,  as  disclosed  by  the  experiment  cited  in  another 
paragraph.  Where  the  sand  is  nearly  level  and  is  split  by  many  shale 
partings,  or  tight  or  coarser  streaks,  a  large  proportion  of  the  oil  may 
be  held  by  capillarity. 
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The  proportion  of  oil  that  may  be  retained  in  this  way  is  indicated 
by  Table  3,  which  gives  the  results  of  a  few  laboratory  experiments. 
In  these  tests  glass  tubes  1^  inches  in  diameter  and  20  inches  in  length 
were  tamped  full  of  sand,  set  upright,  and  the  sand  saturated  by 
forcing  oil  up  from  the  bottom.  They  were  then  drained  at  a  tem- 
l>erature  of  70°  F.  through  a  small  glass  tube  at  the  bottom.  The 
learning  oil  was  measured  after  drainage  had  become  extremely 
slow  and  had  practically  ceased,  no  further  loss  in  weight  being  de- 
tected in  several  days.  If  the  draining  had  been  continued  over  a 
long  period  possibly  a  little  more  oil  would  have  been  removed,  but 
the  experiments  were  carried  on  until  a  rate  had  been  reached  far 
beyond  what  was  thought  to  represent  the  practical  limits  in  oil 
production.  The  experiments  were  not  carried  to  the  greatest  accu- 
racy but  are  believed  to  contain  no  material  errors.  The  full  range 
of  conditions  found  in  the  oil  fields  was  not  covered,  and  both  the 
upper  and  lower  limits  may  be  exceeded,  but  these  figures  illustrate 
the  possibilities  of  oil  being  retained  in  this  way.  The  conditions  of 
the  experiments,  a  homogeneous  mass  of  clean  sand  in  an  upright 
tube,  are  far  more  favorable  for  draining  in  almost  every  particular 
than  are  those  ordinarily  found  in  oil  sands  and  suggest  how  much 
oil  may  be  retained  when  gravity  is  the  sole  force  for  expelling  the  oil. 

How  tightly  this  oil  is  retained  was  shown  by  letting  fresh  water 
flow  through  the  tubes  of  drained  sand  from  the  bottom  to  the  top 
at  a  temperature  of  70°  F.,  for  from  only  one  tube  was  there  even  a 
color  of  oil  on  the  water  after  it  had  passed  through. 

The  sands  experimented  with  were  a  coarse  sand,  having  well- 
rounded  grains  of  uniform  size,  average  diameter  about  six  two-him- 
dred-and-fifty-fourths  inch,  and  a  porosity  about  37  per  cent,  and  a 
finer  sand,  having  angular  grains  of  irregular  size,  about  three  two- 
hundred-and-fifty-fourths  inch  average  diameter,  and  an  average 
porosity  of  38.5  per  cent. 

Table  3. — Quantities  of  oil  retained  in  drained  sands. 


Oil. 


Bradford  crude,  gravity  41.2*  B.  (0.818) . 

Do 

California  crude,  gravity  25.1*  B.  (0.003) 

Do 

CaUfomiaorade,  gravity  14*  B.  (a972) .. 

Do 


Sand. 

Time 

drained, 

days. 

Coarse 

Fine 

26 
26 
42 
43 
73 
73 

Coarse 

Fine 

Coarse 

Fine 

Oil  re- 
tained, 
perceni- 
aceof 
capacity 
of  sand. 


15.0 
21.0 
24.0 
42.0 
30.5 
53.0 


To  determine  how  alternating  layers  of  coarse  and  of  fine  sand 
affect  the  amount  of  oil  retained,  a  tube  was  packed  with  alternating 
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layers  of  such  sands,  saturated  with  oil  and  then  allowed  to  drain 
until  no  further  loss  of  weight  could  be  detected  during  a  period  of 
several  days.  The  results  were  compared  with  those  obtained  by 
using  similar  tubes  in  which  only  one  of  the  sands  was  packed.  In 
the  fine  sand  alone,  21  per  cent  of  oil  was  retained ;  with  the  coarse 
sand  alone,  18  per  cent ;  whereas  with  the  two  sands  in  alternating 
layers,  85  per  cent  of  the  oil  in  the  tube  did  not  drain  out.  No  bar- 
riers were  interposed  between  the  layers  in  the  two  kinds  of  sand,  yet 
much  oil  remained  concentrated  in  the  layers  of  finer  sand,  its  supe- 
rior capillary  power  not  permitting  the  coarse  sand  below  to  with- 
draw the  oil. 

Other  experiments  indicated  that  the  ultimate  recoveries  by  water 
displacement  were  no  greater  and,  indeed,  appeared  to  be  some- 
what smaller  than  by  natural  drainage  even  under  the  favorable 
laboratory  conditions.  In  these  experiments  water  was  allowed  to 
rise  through  the  tubes  from  the  bottom  to  the  top  under  various  con- 
ditions of  sand,  oil,  and  pressure.  Always  a  considerable  portion  of 
the  oil  displaced  and  flushed  from  the  sand  was  accompanied  by  so 
much  water  that  its  recovery  would  not  be  feasible  in  the  field. 
When  the  experimental  conditions  more  nearly  resembled  field  con- 
ditions the  oil  displaced,  unaccompanied  by  water,  was  much  less, 
so  that  the  oil  ultimately  retained  in  the  sand  became  greater.  This 
was  particularly  true  when  the  sand  had  been  partly  drained  before 
letting  the  water  rise  through  it,  the  water  showing  a  marked 
tendency  to  bypass  and  trap  the  oil. 

By  forcing  compressed  air  or  gas  through  the  tubes  greater  re- 
coveries were  obtained  than  by  natural  drainage  or  by  water  dis- 
placement. With  the  same  oils  and  the  same  fine  sand  as  in  Table 
3,  only  17i  per  cent  of  the  41.2°  B.  Bradford  oil  and  28  per  cent  of  the 
25.1*^  B.  California  oil  were  retained,  the  relative  recovery  being 
greater  with  the  heavier  oil.  After  all  the  oil  possible  had  been  re- 
moved by  the  air  or  gas,  the  passage  of  water  even  imder  50  pounds 
pressure  failed  to  remove  as  much  as  an  iridescent  film  of  oil  from 
the  sand. 

At  this  time  no  general  statements  in  regard  to  the  efficiency  of 
the  recovery  of  oil  under  the  various  natural  conditions  can  be  made, 
except  that  it  is  generally  considered  to  be  greater  in  the  deeper  sands 
because  pressures  are  generally  greater;  however,  the  smaller  cost  of 
producing  from  shallow  wells  allows  them  to  be  pumped  to  smaller 
productions,  which  partly  compensates  for  the  greater  energy  stored 
in  the  deeper  sands.  In  small  quantities  salt  water  is  generally  con- 
sidered to  result  in  greater  recovery  in  the  eastern  fields  in  sand- 
stones producing  paraffin  oils,  but  in  larger  quantities  it  increases  the 
cost  of  production  and  cuts  short  the  life  of  the  well.  Where  a  sand 
is  flooded  with  water,  as  in  a  ^^  water  drive,"  the  water  is  almost  cer- 
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tain  to  trap  a  large  part  of  the  oil.  The  spacing  of  wells  also  affects 
the  recovery  of  oil  from  the  sand,  as  well  as  the  method  of  operating 
them.  Commercial  conditions  are  important  factors,  for  if  it  were 
profitable  to  pmnp  the  well  down  to  one-tenth  of  a  barrel  a  day,  as 
is  done  in  some  Pennsylvania  fields,  obviously  there  would  be  less  oil 
left  in  the  sand  than  if  10  barrels  daily  were  the  economic  minimum, 
as  for  some  California  wells.  The  life  of  a  well  is  terminated  at  the 
point  where  production  ceases  to  be  profitable,  and  not  by  the  com- 
plete exhaustion  of  the  oil. 

PBOPOBTION  OF  OIL  LEFT  ITHBEBOSOinn). 

While  it  is  obvious  that  both  the  proportion  retained  and  the  addi- 
tional oil  possible  of  recovery  will  vary  under  the  diverse  conditions 
in  the  fields  of  the  United  States,  yet  in  the  following  paragraphs 
reasons  are  advanced  for  thinking  that  the  usual  methods  of  produc- 
tion are  leaving  by  far  the  larger  part  of  the  oil  undergroimd  and 
that  a  considerable  part  of  this  oil  seems  possible  of  recovery. 

What  percentage  of  the  oil  is  retained  in  a  sand  after  the  wells  are 
abandoned  and  hoW  much  of  the  retained  oil  is  capable  of  commercial 
extraction  are  matters  of  varying  opinion.  Beliable  estimates  of 
the  quantities  of  oil  remaining  in  a  field  after  the  wells  have  been 
considered  exhausted  would  be  highly  desirable,  for  they  would 
demonstrate  the  incompleteness  of  the  usual  production  methods 
and  how  much  effort  was  warranted  in  devising  and  applying  ways 
to  increase  recovery.  There  is  much  evidence  showing  that  im- 
mense quantities  of  oil  capable  of  being  extracted  remains  under- 
ground, and  probably  more  oil  is  left  in  the  sands  than  is  brought  to 
the  surface. 

Opinions  on  the  amount  of  oil  left  underground  have  ranged  from 
25  to  90  per  cent,  the  commonest  estimates  being  about  50  per  cent. 
Precise  data  have  never  been  submitted  with  any  of  the  estimates, 
they  being  frankly  generalities  based  on  the  judgments  and  expe- 
riences of  the  estimators.  Some  of  the  estimates  are  as  follows: 
White,"  25  per  cent  for  the  oil  sands  of  West  Virginia ;  Arnold  and 
Garfias,*  40  to  60  per  cent  for  the  oil  sands  of  California ;  Ashbur- 
ner,<^  90  per  cent  for  the  oil  sands  of  Pennsylvania ;  Dunn,*  25  to  85 
per  cent ;  Naramore,®  90  per  cent ;  Washbume,^  36  to  60  per  cent. 

•White,  I.  C,  Petrolenm  and  natural  gas:  West  Virginia  Geol.  Survey,  vol.  1,  1904, 
p.  40. 

•  Arnold,  R.,  and  Garflas,  V.  B.,  Methods  of  oU  recovery  In  California :  Tech.  Paper  70, 
Bureau  of  Mines,  1914,  p.  6. 

•  Aahbumer,  C.  A.,  Petroleum  and  natural  gas  In  New  York :  Trans.  Am.  Inst.  Mln. 
Bng.,  vol.  16,  1887-88,  p.  915.  ' 

'Dunn,  I.  L.,  Statement  before  Corporation  Commission  of  Oklahoma,  1915. 

•  Naramore,  Chester,  Personal  communlcaUon. 

rWashbume,  C.  W.,  The  estimation  of  oil  reserves:  Bull.  98,  Am.  Inst.  Mln.  Eng., 
February,  1915,  pp.  469-^71. 
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The  estimate  of  Ashbumer,  made  in  1887,  is  especially  interesdng : 
Ashburner  says: 

From  my  own  estimates,  I  have  determined  that  the  oil-producing  sand  in 
the  Venango  district  up  to  the  present  time  has  produced  an  average  of  onlj 
900,000  barrels  of  oil  per  square  mile.  It  is  impossible  to  determine  the  abso- 
lute thickness  of  the  reservoir  sand  over  any  definite  area,  even  as  small  as 
that  of  1  square  mile.  There  are  so  many  variable  factors  which  enter  Into  the 
problem  that  it  is  difficult  to  arrive  at  any  fair  conclusion  on  the  question  of 
relative  porosity.  BYom  estimates  which  I  have  made  of  the  producing  capac- 
ity of  the  oil  and  gas  sands  of  the  different  Pennsylvania  and  New  York  dis- 
tricts, I  believe  that  the  amount  of  oil  which  will  be  ultimately  retained  by 
capillary  attraction  in  the  pores  of  the  sand  beds  will  range  from  eight  to 
nine  times  as  much  as  the  total  amount  of  oil  which  it  will  be  possible  to 
extract  from  these  sands  through  wells. 

There  is  much  positive  evidence  that  recoveries  are  far  from  com- 
plete. The  wells  are  seldom  entirely  exhausted  when  abandoned, 
whereas  wells  that  have  been  abandoned  for  many  years  have  been 
rejuvenated  and  made  productive  again  in  some  eastern  fields  by  the 
Smith-Dunn  or  Marietta  process  and  at  Bradford,  Pa.,  by  water 
flooding.  New  wells  drilled  among  old  wells  show  that  the  oil  is  not 
exhausted,  and  in  some  of  the  older  Appalachian  fields  a  second  or 
even  a  third  crop  of  wells  has  been  drilled.  The  results  with  the  com- 
pressed-air process  described  herein  and  those  with  flooding  at 
Bradford  have  demonstrated  that  much  oil  capable  of  commercial 
extraction  remains  in  the  fields  after  they  have  been  virtually  ex- 
hausted by  the  usual  production  methods.  These  processes,  however, 
have  not  been  used  long  enough  to  show  just  how  great  the  increased 
recovery  will  be. 

In  subsequent  paragraphs  it  is  shown  that  the  productions  of  the 
fields  in  the  United  States  have  been  only  a  fraction  of  the  capacities 
of  the  oil  sands  conservatively  estimated.  If  these  figures  could  be 
accepted  without  reservation  to  apply  to  the  proportion  of  oil  left 
unrecovered,  the  author  would  estimate  that  only  10  to  20  per  cent  of 
the  oil  ordinarily  is  extracted. 

It  has  been  shown  that  the  commercial  exhaustion  of  a  well  follows 
the  exhaustion  of  the  gas,  and  is  not  necessarily  due  to  the  exhaustion 
of  the  oil  in  the  productive  formation.  Data  derived  from  experi- 
ments and  from  facts  observed  in  the  oil  fields  show  that  much  oil 
may  be  retained  in  the  sand  after  the  gas  has  been  exhausted,  and 
only  the  comparatively  weak  force  of  gravity  remains  to  expel  the 
oil.  Considering  these  facts  and  bearing  in  mind  that  the  decline  of 
an  oil  well  is  coincident  with  the  exhaustion  of  the  gas  pressure,  it 
seems  not  improbable  that  only  a  minor  part  of  the  oil  is  brought  to 
the  surface.  It  is  known  that  the  gas  escapes  from  the  sand  much 
faster  than  the  oil  and  that  the  quantity  of  gas  usually  produced 
with  a  barrel  of  oil  is  much  greater  than  could  have  been  absorbed  in 
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that  quantity  of  oil  under  the  pressures  and  other  conditions  existing 
underground  even  when  the  oil  sand  was  not  connected  with  the  gas 
sand. 

It  may  be  possible,  by  observing  the  quantity  of  gas  produced  with 
the  oil  during  a  period  in  the  life  of  the  wells,  and  the  decreases  in 
gas  pressure  and  the  changes  in  composition  of  the  gas  during  this 
period,  to  determine  from  the  laws  of  the  physical  relations  of  gases 
and  liquids  whether  all  or  what  proportion  of  the  gas  has  been  held  in 
solution,  and  to  estimate  the  quantity  of  oil  underground  in  which  it 
had  been  absorbed.  So  far  as  known  to  the  writer,  such  a  method  has 
never  been  tried  in  the  oil  fields,  but  it  is  based  upon  well-known 
scientific  laws,  and  it  is  suggested  that  if  practically  applied  it  might 
give  the  results  desired  without  having  to  estimate  the  porosity,  thick- 
ness, or  area  of  the  oil  sand. 

As  diown  previously  by  experimental  data,  the  volume  of  air  or 
of  a  gas  necessary  to  expel  an  additional  portion  of  the  oil  remaining 
in  the  sand  increases  tremendously  with  the  progressive  extraction 
of  the  oil  from  the  sand.  For  example,  it  was  found  in  certain  other 
e^eriments  with  the  same  Bradford  oil  and  fine  sand,  shown  in 
Table  3,  that  to  expel  an  additional  per  cent  of  the  oil  after  some 
50  per  cent  had  already  been  removed,  required  hundreds  of  times 
greater  volume  of  free  gas  (artificial  gas  used  in  San  Francisco,  Cal.) 
at  the  same  pressure  than  when  the  sand  was  only  30  per  cent  drained, 
and  thousands  of  times  greater  than  when  only  10  or  20  per  cent 
drained.  The  efficiency  of  expulsion  decreases  enormously  with  each 
decrease  in  degree  of  saturation,  so  that  the  greatest  actual  as  well  as 
relative  recovery  would  be  obtained  where  the  sands  were  fully  or 
nearly  saturated,  even  if  more  gas  could  be  stored  in  the  sands  when 
less  completely  filled  with  oil.  The  experiments  indicate  that  it 
would  hardly  be  possible  to  store  in  the  oil  sands  gas  enough  under 
sufficient  pressure,  within  the  limits  found  in  the  oil  fields,  to  expel 
any  high  percentage  of  the  oil,  and  that  the  smaller  the  degree  of 
saturation  the  smaller  the  percentage  of  the  contained  oil  that  would 
be  expelled.  Compared  with  these  experimental  conditions  the  con- 
ditions in  the  oil  sands  are  far  less  favorable;  the  thickness  and 
irregularity  of  the  sand  body,  as  well  as  the  greater  distances  the  oil 
and  gas  would  have  to  travel  to  the  wells,  all  make  for  greater  waste 
of  the  expulsive  force  and  a  general  decrease  in  efficiency.  The  ob- 
served fact  that  much  more  gas  accompanies  the  production  of  a 
barrel  of  oil  than  could  be  held  in  solution  under  the  original  well 
pressures  is  in  harmony  with  these  experimental  results,  and  indicates 
that  the  expulsive  force  contained  in  several  barrels  of  oil  is  required 
to  expel  one  from  the  sand.  For  these  reasons  the  theory  of  low 
original  saturation  of  the  oil  sands  sometimes  advanced  to  explain 
low  recoveries  seems  very  improbable,  likewise  high  recoveries  are 


^  .' 


28  OIL-EECOVEBY  METHODS. 

not  to  be  expected,  and  the  estimate  of  80  to  90  per  cent  of  the  oil 
left  underground  does  not  seem  incredible. 

Obviously  much  of  the  oil  will  never  be  capable  of  commercial 
extraction,  but  what  this  minimum  imextractable  proportion  may  be 
no  one  can  tell  until  further  efforts  have  been  made  to  increase  re- 
covery. It  has  been  customary  for  the  operators  to  accept  the  natural 
decline  and  commercial  exhaustion  of  their  wells  without  question  or 
further  efforts  to  see  whether  it  was  the  oil  itself  or  the  forces  in  the 
sand  that  were  exhausted  and  there  is  no  reason  to  believe  that  both 
are  exhausted  at  the  same  time.  The  truth  seems  to  be  that  the 
natural  forces  in  the  oil  sands  are  sufficient  to  expel  only  a  small  por- 
tion of  the  oil  and  that  much  of  the  remaining  oil  is  capable  of 
recovery  if  new  forces  are  applied. 

CAPACITIES  OF  OIL  SANDS. 

From  the  evidence  previously  submitted  the  following  figures  on 
the  porosities  of  oil  sands  are  believed  to  be  reasonable.  The  porosi- 
ties of  oil  sands  are  much  greater  than  the  uninformed  would  suspect 
from  a  casual  inspection  of  specimens,  whereas  the  usual  ways  of 
testing  the  porosity  lead  to  underestimates.  There  is  little  published 
information  on  the  porosities  of  sands  actually  productive  of  gas  or 
oil,  but  there  is  no  reason  to  believe  that  they  are  less  than  for  other 
sands  and  saftdstones.  Indeed,  as  pointed  out  previously,  the  porosi- 
ties of  the  oil-producing  sandstones  of  the  Mid-Continent  and  eastern 
fields  must  be  greater  than  the  figures  on  the  building  sandstones 
indicate.  In  any  event,  the  recovery  of  gas  shows  that  the  estimated 
capacities  of  the  oil  sands,  as  given  in  the  following  table,  can  not  be 
in  gross  error. 

Estimated  average  capacities  of  oU  sands. 

Bstimated  Capacity 

average  per 

porosity,  acre-foot, 

per  cent.  barrels. 

Appalachian  field 12i  070 

Illinois  and  Mld-Contlnent  fields 17i  1,358 

California  fields 25  1,940 

ACTTTAI.  BEGOVEBY  FBOM  OIL  AND  GAS  SANDS. 

According  to  the  United  States  Geological  Survey ,«  3,335,467,140 
barrels  of  oil  have  been  marketed  from  329,186  oil  wells  in  the 
United  States  up  to  the  beginning  of  1915.  During  1914,  266,762,535 
barrels  were  marketed  from  179,129  oil  wells.  It  is  estimated  that 
the  average  well  drained  about  6  acres  of  oil  land,  the  total  area 

•Northmp,  J.  D.,  Petroleum:  Mineral  Resources  U.  8.  for  1914,  U.  8.  Geol.  Survey, 
1915,  p.  889. 
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being  about  2,000,000  acres.  The  future  production  for  the  wells 
producing  in  1914  is  estimated  to  be  not  more  than  1,400,000,000  bar- 
rels, making  a  total  production  of  approximately  4,700,000,000  bar- 
rels, or  approximately  2,350  barrels  per  acre,  which  is  hardly  enough 
to  saturate  an  oil  sand  .2  feet  thick  of  average  porosity. 

Statistics!  by  the  United  States  Geological  Survey  <»  show  that 
591,866,733,000  cubic  feet  of  natural  gas  was  produced  and  used  in 
the  United  States  in  1914,  which  does  not  include  the  enormous 
wastage.  The  average  pressure  being  approximately  250  pounds  at 
the  well,  the  space  occupied  would  be  equivalent  to  some  5,850,000,000 
barrels  of  oil,  which  is  nearly  double  the  total  oil  production  and  is 
twenty-two  times  the  oil  production  for  1914.  If  40  acres  be  allowed 
for  each  gas  well  producing  in  1914,  the  area  of  gas-producing  sands 
was  about  1,400,000  acres,  which  is  not  as  much  as  the  total  oil- 
producing  sand.  This  gas  was  produced  from  sands  which  yield 
oil  in  the  same  districts,  and  there  is  no  evidence  that  their  capacities 
are  greater  than  for  oil  sands.  Similar  comparisons  for  former 
years  show  even  greater  discrepancies  between  the  spaces  occupied 
by  the  oil  and  gas. 

Day,*  in  1907,  estimated  the  recovery  from  the  Appalachian  fields 
to  have  been  less  than  800  barrels  per  acre.  On  this  basis  the  total 
recovery  will  not  exceed  1,000  barrels  per  acre,  or  only  enough  to 
saturate  an  oil  sand  1  foot  thick  with  a  porosity  of  12^  per  cent. 
White  ^  has  estimated  the  average  thickness  of  the  pay  streaks  alone 
to  be  5  feet  in  West  Virginia.  This  is  undoubtedly  a  conservative 
estimate  when  applied  to  the  whole  Appalachian  fields. 

From  available  records  the  production  of  the  Bradford  field,**  in 
Pennsylvania,  has  been  about  230,000,000  barrels.  "The  area  of  the 
field  is  said  to  be  approximately  85,000  acres.*^  The  average  well 
production  is  now  but  a  small  fraction  of  a  barrel  daily,  so  that  the 
field  may  be  considered  practically  exhausted,  yet  the  total  production 
has  approximated  only  2,700  barrels  per  acre,  or  not  enough  to 
saturate  3  feet  of  sand,  although  the  sand  is  reported  to  average 
45  feet  thick  and  to  be  oil  bearing  and  comparatively  uniform 
throughout. 

The  marketed  oil  production  of  Illinois  to  1915  has  been  232,326,616 
barrels  from  19,808  wells.    In  1914  the  marketed  production  was 

•Northrop,  J.  D.,  Natural  gas:  Mineral  Resources  U.  S.  for  1914,  U.  S.  Geol.  Survey, 
1915,  p.  749. 

» Day,  D.  T.,  Petroleum  resources  of  the  United  States :  Bull.  894,  U.  S.  Geol.  Survey, 
1009,  p.  34. 

•  White,  I.  C,  Petroleum  and  natural  gas :  West  Virginia  Geol.  Survey,  Vol.  I,  1904, 
p.  46. 

*  Compiled  from  statistics  of  Second  Geographical  Survey  of  Pennsylvania,  vol.  10 ; 
U.  8.  Census  Report ;  and  annual  volumes  of  Mineral  Resources  of  United  States, 
U.  S.  Geol.  Survey.     Productions  for  1885-1887,  1890,  1907-1914  are  estimated. 

•Ashbumer,  C.  A.,  Second  U.  S.  Census  Report,  p.  432. 
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21,919,749  barrels  from  14,800  wells,  whose  future  production  is  esti- 
mated to  be  about  100,000,000  barrels,  or  a  total  of  about  330,000,000 
barrels.  Assuming  a  drainage  area  of  about  6  acres  per  well,  each 
acre  will  contribute  about  2,750  barrels,  which  would  saturate  an  oil 
sand  2  feet  thick  of  17^  per  cent  porosity,  yet  the  thickness  of  the 
"  pay  streaks  "  in  the  average  well  of  Illinois  has  been  estimated  to 
approximate  25  feet.* 

The  total  oil  marketed  from  Oklahoma  up  to  1915  has  been  about 
462,000,000  barrels,  to  which  38,875  wells  have  contributed.  The 
marketed  production  in  1914  was  73,631,724  barrels  from  27,794  wells, 
and  the  future  production  can  be  reasonably  estimated  not  to  exceed 
300,000,000  barrels,  a  total  of  762,000,000  barrels.  From  a  record  of 
over  6,000  wells  on  the  lands  of  restricted  Indians*  it  is  found  that 
there  is  on  the  average  one  well  to  each  5.7  acres,  at  which  figure 
the  total  producing  acreage  in  Oklahoma  is  not  over  225,000  acres, 
and  the  production  per  acre  will  approximate  3,400  barrels,  which 
would  not  saturate  3  feet  of  sand  of  the  estimated  porosity,  although 
the  average  thickness  of  the  oil  sands  in  Oklahoma  is  many  times 
greater. 

A  large  gas  company  operating  in  northeastern  Oklahoma  estimates 
from  its  experience  that  the  marketed  production  from  an  average 
gas  well  in  that  district  is  about  300,000,000  cubic  feet.*^  This  does  not 
include  the  enormous  wastage  or  the  gas  left  underground.  The  aver- 
age original  pressure  in  the  gas  fields  in  this  part  of  the  State  would 
be  about  .600  pounds,  or,  roughly,  40  atmospheres,  and  there  would 
be  an  average  of  one  gas  well  to  40  acres  of  gas  land.  From  these 
figures  it  is  calculated  that  the  gas  must  have  come  from  sands  which 
average  24  feet  in  thickness  and  would  contain  33,500  barrels  per 
acre,  or  ten  times  the  thickness  of  sand  indicated  by  the  recovery  of 
oil.    The  gas  is  produced  from  sands  that  are  oil  bearing  near  by. 

McLaughlin  ^  states  that  the  recovery  from  the  Kern  River  field,  in 
California,  has  been  approximately  26,000  barrels  per  acre  to  1915. 
As  the  field  has  been  producing  for  14  years,  and  is  nearly  drilled 
up,  an  optimistic  estimate  of  the  future  production  would  make 
the  total  recovery  not  more  than  40,000  barrels  per  acre,  or  enough 
to  saturate  about  20  feet  of  sand,  whereas  a  thickness  of  200  to 
300  feet  is  reported  in  that  field.  McLaughlin  also  reports  actual 
recoveries  from  a  niunber  of  properties  in  the  Midway  and  Coalinga 

*  Day,  D.  T.,  Petroleum  resources  of  the  United  States :  Bull.  894,  U.  S.  Geol.  Surrey, 
1009,  p.  34. 

*  Second  annual  report  United  States  oil  and  gas  insrpector  for  the  Five  Civilized 
Tribes,  1915. 

"  Personal  communication  from  A.  J.  Delscher,  of  Bartlesville,  Okla. 

*  McLaughlin,  R.  P.,  Petroleum  industry  of  California :  Bull.  69,  State  Mining  Bureau, 
1914,  p.  204. 
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fields,  California,  from  which  the  following  tabulation  has  been 
made :  ** 

Recoveries  from  the  Coalinga  and  Midway  fields,  California, 

[Adapted  from  data  by  R.  P.  McLaughlin.] 

Coalinga.  Midway. 

Number  of  properties 13  18 

Average  thicknesses  of  oil  sands,  feet 96  90 

Average  production  per  acre,  barrels 22, 012  13, 579 

Average  age  of  well,  years 6  4 

Average  production  per  acre-foot,  barrels 222.5  151 

Average  recovery,*  per  cent ^ 11. 5  7. 8 

Minimum  production  per  acre-foot,  barrels 26.5  51 

Minimum  recovery,*  per  cent 1.4  2.6 

Maximum  production  per  acre-foot,  barrels 838  742 

Maximum  recovery,*  per  cent 43.3  38.2 

These  properties  are  still  producing  but  have  yielded  at  least  two- 
thirds  of  their  total  production.  The  figures  show  that  the  recovery 
will  average  not  more  than  15  to  20  per  cent  of  the  assumed  porosity 
of  26  per  cent.  The  difference  in  individual  yields  is  noteworthy  and 
can  not  be  explained  by  relative  skill  in  operating  the  wells  but  is 
due  mostly  to  natural  conditions.  Undoubtedly  there  are  consider- 
able variations  in  the  porosities  of  the  sands  and  also  errors  in  esti- 
mating their  thicknesses  and  the.  areas  of  drainage,  but  these  facts 
can  not  fully  reconcile  the  extremes  of  recovery  of  1.4  per  cent  and 
43.3  per  cent  shown  in  the  table.  Occasionally  the  recovery  from 
individual  wells  or  small  properties  is  very  high,  and  at  times  it  is 
difficult  to  explain  how  so  much  oil  could  be  obtained  from*  these 
properties,  but  almost  invariably  such  high  recovery  is  from  the 
first  wells  drilled  in  a  field  of  high  pressure,  and  undoubtedly  a 
much  larger  area  has  contributed  to  the  yield  than  has  been  fig- 
ured. These  high  extremes  have  led  many  engineers  to  overestimate 
the  future  recoveries  from  oil  fields,  but  when  the  entire  field  is 
considered  it  will  be  found  that  the  average  recoveries  are  low  and 
that  the  high  recoveries  are  abnormal  and  very  rare. 

Although  the  estimates  given  are  only  approximate,  there  can  be 
no  reason  for  doubting,  after  fair  deductions  have  been  made  for 
errors  and  overestimates,  that  ordinarily  the  oil  produced  represents 
only  a  small  part  of  the  capacity  of  the  sand.  The  differences  be- 
tween recovery  and  capacity  are  so  large  that  few  possible  sources 
of  error  or  other  factors  could  reconcile  them.  The  estimated  capaci- 
ties of  the  oil  sands  are  within  reasonable  accord  with  the  recoveries 
of  gas  from  continuations  of  the  same  sand  beds  in  the  same  districts, 
and  there  are  no  reasons  known  why  their  average  porosities  and 

*  McLanghlln,  R.  P.,  work  cited. 

*Twenty-flve  per  cent  porosity  and  complete  saturation  assumed. 
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thicknesses  should  be  less  where  oil  bearing.  The  quantities  of  gas 
produced  with  the  oil,  where  the  gas  is  known  to  come  only  from 
oil-producing  sands,  indicate  that  the  capacity  of  the  oil  sands  is 
much  greater  than  the  volume  of  oil  recovered,  and  hence  either  the 
recovery  is  very  small  or  a  large  part  of  the  pore  space  is  occupied 
by  free  undissolved  gas  mechanically  entangled  with  the  oil.  In  the 
writer's  opinion  a  solution  of  this  problem  would  determine  whether 
the  recoveries  made  actually  approximate  only  a  fifth  or  tenth  part 
of  the  oil  in  the  sand.  The  experiments  show  that  an  excess  of  gas 
is  to  be  expected  with  the  oil  even  if  the  sand  is  fully  saturated  and 
that  with  partial  saturation  an  even  larger  percentage  of  the  oil 
contained  in  the  sand  can  be  expected  to  be  left  underground.  In 
any  event  the  efforts  so  far  made  to  increase  recovery  show  that 
enough  more  oil  could  be  brought  to  the  surface  by  applying  addi- 
tional pressure  in  the  sand  to  make  such  efforts  worth  while. 

USE  OF  GAS  FXTHPS  FOB  INCBEASINa  FBODTJCTION  OF  OIL  WELLS. 

Vacuum  or  gas  pumps,  according  to  Carll,*  were  first  employed  in 
the  old  Triumph  pool,  Pennsylvania,  in  1869.  Their  use  gradually 
increased  in  the  Appalachian  fields,  and  during  the  past  10  years  they 
have  been  employed  extensively  throughout  the  Mid-Continent  fields 
and  the  fields  east  of  the  Mississippi  River. 

The  effect  of  the  gas  pump  is  twofold.  It  increases  the  yield  of 
oil  and  the  quantity  and  richness  of  the  gas.  Its  effect  on  the  gas 
production  has  had  a  marked  influence  on  the  condensation  of  gaso- 
line from  casing-head  gas  by  compression,  and  many  gasoline  plants 
would  not  be  in  use  to-day  except  for  the  gas  pumps.  On  the  other 
hand,  gas  pumps  would  not  be  used  so  extensively  were  it  not  for  the 
natural-gas  gasoline  plants,  for  experience  has  shown  that  gas  pumps 
are  seldom  profitable  from  the  increase  of  oil  production  alone.  The 
benefits  of  increasing  the  oil  production  are  diort  lived,  and  are  ac- 
companied by  much  extra  trouble  and  expense. 

It  has  been  shown  that  reduction  qf  pressure  in  an  oil  sand  releases 
more  gas  from  solution  and  permits  greater  expansion  of  the  gas. 
Samples  of  oil  several  years  old  will  froth  and  become  lively  when 
subjected  to  a  few  pounds  of  negative  pressure  showing  how  gas  and 
vapors  are  liberated  at  reduced  pressures.  Consequently  reducing 
the  pressure  at  the  well  below  atmospheric  by  a  gas  pump  pro- 
vides additional  expulsive  forces  in  the  sand  not  available  be- 
fore. The  theoretical  vacumn  limit  of  gas  pumps  is  —14.7  pounds 
per  square  inch  at  sea  level,  and  less  at  higher  elevations.  It 
has  been  claimed  that  a  vacuum  of  —13  pounds  has  been  reached 
in  actual  practice.    Gas  pumps  are  placed  on  wells  after  the  pro- 

•  Carll,  J.  F.,  Seventh  report  on  the  oil  and  gas  fields  of  western  Pennsylyania :  Sec- 
ond GeoL  Boxrey  of  Pennsylvania,  1890,  pp.  12-13. 
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duction  has  declined  to  a  very  small  figure  and  the  gas  has  nearly 
reached  atmospheric  pressure;  hence  the  reduction  of  pressure  ordi- 
narily effected  by  the  gas  pump  is  not  more  than  15  or  20  pounds  per 
square  inch.  As  the  effectiveness  of  the  gas  pump  depends  prin- 
cipally upon  the  gases  released  in  the  oil  sand  by  the  reduced  pres- 
sure, the  limit  of  its  usefulness  is  reached  when  these  gases  are  ex- 
hausted from  the  sand,  unless  air  or  natural  gas  is  allowed  to  enter 
the  sand,  and  is  sucked  through  by  the  gas  pump.  Results  of  sucking 
air  through  the  sand  should  be  practically  the  same  as  forcing  air 
through  the  sand  at  positive  pressures  of  not  more  than  13  pounds. 
It  is  obvious  that  when  the  natural  gas  accompanying  the  oil  has  been 
exhausted  the  practical  limit  of  efficiency  of  the  gas  pumps  has  been 
reached  so  far  as  increasing  the  production  of  oil  is  concerned. 

Gas  pumps  are  not  employed  until  the  wells  have  reached  low  pres- 
sures and  small  productions.  Usually  the  production  of  oil  is  in- 
creased, sometimes  it  is  doubled  or  trebled,  but  this  favorable  effect 
seldom  lasts  long,  and  in  a  few  years  the  production  drops  to  or  below 
the  former  level.  Figures  11,  12,  and  13  (see  pp.  68-69)  show  the 
effects  of  the  use  of  gas  pumps  on  the  productions  from  certain  prop- 
erties, and  also  how  inadequate  the  method  is  for  extracting  all  the 
oil  in  the  sand.  It  is  not  claimed,  however,  that  these  properties  rep- 
resent a  fair  average  for  the  benefits  derived  from  gas  pumping. 

Gas  pumping  considerably  increases  the  cost  of  producing  oil,  and 
this  increase  is  not  often  compensated  by  the  extra  profits  derived 
from  the  increase  of  oil  production  alone.  Considerable  equipment 
must  be  invested  in  and  attended  to,  as  the  method  requires  a  gas 
engine,  suction  pump  with  housing  and  accessories,  and  suction  lines 
extended  to  every  well,  while  each  well  must  be  packed  tightly.  The 
suction  in  the  well  often  causes  the  walls  to  cave,  or  increases  th^ 
amount  of  floating  sand  and  silt  coming  in  with  the  oil  so  that  casings 
must  be  pulled  oftener,  and  the  wear  on  pumping  apparatus  is  much 
greater.  While  the  well  is  being  "  pulled,"  the  air  rushes  into  the  sand 
and  drives  the  oil  away  from  the  hole,  and  there  being  no  gas  pres- 
sure in  the  sand  to  force  the  oil  back  it  may  be  many  days  after 
the  well  is  put  back  on  the, suction  line  before  the  oil  is  brought  back 
to  the  hole.  During  this  time  the  well  is  a  nonproducer  so  that 
although  the  daily  yield  may  be  increased  during  the  time  the  wells 
are  actually  pumped,  the  production  over  a  longer  period  is  likely  to 
prove  disappointing.  This  loss  of  time,  and  the  expense  of  "  pulling 
the  wells  "  and  of  keeping  up  the  plant,  is  apt  to  more  than  counter- 
balance benefits  derived  from  the  increase  in  production,  as  it  is  tem- 
porary and  seldom  lasts  more  than  3  or  4  years.  Once  the  property 
has  been  gas  pumped,  however,  experience  shows  that  usually  pump- 
ing at  negative  pressures  can  not  be  discontinued,  because  the  air 
88911'— 17— Bull.  148 8 
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iiishing  into  the  sand  drives  the  oil  away  from  the  well  and  makes 
it  almost  impossible  to  obtain  profitable  production  again  by  ordi- 
nary methods,  hence  gas  pumping  must  be  continued  long  after  the 
benefits  from  it  have  ceased.  The  writer  believes,  however,  this  evil 
effect  can  be  lessened  by  letting  the  air  into  the  dand  very  gradually 
and  thus  reducing  the  force  of  the  inrushing  air. 

After  most  of  the  gas  in  the  oil  sand  has  been  removed  and  the 
pressure  reduced  below  atmospheric,  gravitational  drainage  and  pos- 
sibly water  flushing  are  the  only  motive  forces  left  to  move  the  oil 
from  the  sand.  How  little  effect  gravity  alone  has  upon  the  move-  * 
ment  of  the  oil  is  ^own  by  the  fact  that  the  production  practically 
ceases  when  gas  pumping  is  stopped  after  the  pressure  in  the  well  has 
been  reduced  below  atmospheric.  The  oil  does  not  flow  into  the  wells 
when  the  flow  of  the  small  volume  of  gas  caused  by  the  suction  ceases. 
Carll  *  in  speaking  of  conditions  in  the  Triumph  pool,  Pennsylvania, 
after  gas  pumping  had  been  continued  until  there  were  negative  pres- 
sures of  —12  pounds  in  the  oil  sand,  says: 

New  wells  are  occasionally  drilled  on  this  exhausted  belt,  and  it  invariably 
happens  that  when  this  oU  sand  is  pierced  a  current  of  air  commences  to  whistle 
down  the  hole,  nor  can  any  oil  be  obtained  till  the  well  mouth  is  closed  and  a 
gas  pump  put  in  operation.  After  a  few  days*  testing,  oU  begins  to  appear  and 
the  production  frequently  runs  up  to  15  to  20  barrels  per  day.  Then,  as  the 
slight  excess  of  fluid  in  the  inmiediate  vicinity  of  the  hole  drains,  and  an  equiU- 
brium  is  established,  the  output  gradually  shrinks  to  the  level  of  the  old  wells 
in  the  pool. 

Although  the  use  of  gas  pumps  is  seldom  justified  by  the  increase 
of  oil  production,  it  frequently  becomes  profitable,  as  formerly  stated, 
through  the  gasoline  derived  from  the  gas.  Probably  the  majority 
of  casing-head  gasoline  compressor  plants  in  the  Mid-Continent  fields 
and  the  fields  east  of  the  Mississippi  River  use' gas  from  gas-pumped 
wells,  and  this  is  often  extraordinarily  rich  in  gasoline  vapors.  To 
a  considerable  extent  the  casing-head  gasoline  production,  which  has 
reached  enormous  proportions  in  recent  years,  is  dependent  upon  gas 
pumping.  The  recent  high  prices  of  gasoline  have  greatly  stimulated 
the  installation  of  gas  pumps,  and  made  the  process  profitable  where 
heretofore  it  was  not.  The  process  is  considered  to  be  esi)ecially 
profitable  in  some  of  the  Oklahoma  fields. 

The  use  of  gas  pumps  has  in  the  past  been  generally  condemned  by 
producers  upon  the  ground  that  it  seldom  pays,  but  inquiries  have 
failed  to  disclose  opinions  that  the  process  injures  the  sand.  In  the 
writer's  opinion  it  may  possibly  aggravate  water  troubles  by  lower- 
ing the  pressure  in  the  sand,  but  otherwise  he  has  no  facts  showing 
it  to  be  seriously  injurious. 

*Carll«  J.  F.,  Seventh  report  on  the  oil  and  gas  fields  of  western  Pennsylyania. :  Sec- 
ond Qeol.  Snrvei^  ot  JPeDPsylTanla,  1890,  pp.  12-13. 
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One  motive  for  installing  gas  pumps  has  been  to  draw  production 
from  adjoining  properties.  As  the  pressures  are  lower  at  wells  being 
gas  pumped,  the  gas  in  the  district  tends  to  flow  toward  those  wells, 
and  the  areas  drained  by  the  wells  are  correspondingly  increased.  If 
an  operator  can  install  gas  pumps  before  his  neighbors,  he  gains  a 
certain  advantage,  and  they  consider  that  they  must  install  pumps  on 
their  own  wells  to  overcome  this  advantage.  This  fact  is  one  of  the 
chief  objections  that  have  been,  raised  against  its  use.  Once  gas 
pumping  is  started  in  a  field,  its  use  is  apt  to  extend  to  all  other 
properties. 

It  is  believed  the  effect  of  gas  pumping  upon  oil  production  of 
neighboring  properties  has  probably  been  overestimated,  though 
where  the  gas  is  the  consideration  the  effect  is  of  undoubted  im- 
portance. 

The  effects  of  gas  pumping  may  be  summarized  as  follows:  It 
temporarily  increases  production,  but  likewise  increases  expenses  and 
operating  troubles  correspondingly,  so  that  it  seldom  pays  except 
where  profits  are  derived  from  an  increase  in  the  volume  and  rich- 
ness of  the  gas.  The  method  hastens  the  recovery  of  the  oil,  but  the 
total  recovery  is  only  slightly  more  than  that  by  ordinary  pumping 
methods. 
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HISTOBrY  OF  PBrOCESS.o 

The  present  successful  practice  of  stimulating  the  production  from 
oil  wells  by  forcing  air  through  the  oil  sand  was  started  on  the  Wood 
farm  of  the  Cumberland  Oil  Co.,  near  Chesterhill,  Ohio,  by  I.  L. 
Dunn,  in  August,  1911.  However  valid  the  claims  of  others  for 
priority  in  idea  and  application  may  be,  the  fact  remains  that  the 
now  extensive  use  of  this  method  can  be  traced  back  to  this  first  suc- 
cessful demonstration.  With  the  aid  of  Orton  C.  Dunn  and  Harvey 
E.  Smith,  the  details  of  practical  operation  were  worked  out  and 
demonstrated  to  other  oil  producers.  Because  Messrs.  Smith  and 
Dunn  have  been  credited  with  bringing  the  method  into  successful 
public  use,  the  process  has  become  known  as  the  Smith-Dunn  process, 
though  it  is  also  called  the  Marietta  process  because  of  its  first  ex- 
tensive use  near  Marietta,  Ohio. 

Mr.  I.  L.  Dunn  states  that  his  idea  originated  when  operating  in 
the  Macksburg  pool,  Ohio,  in  1903,  when  gas  at  a  pressure  of  45 
pounds  was  forced  into  an  oil  well  producing  from  the  500-foot  sand 
After  10  days  the  gas  pressure  was  released  and  the  well  began  to 
pump  much  oil,  which  continued  till  the  gas  had  worked  out  again. 
In  1911  the  experiments  on  the  Wood  farm  were  started.  About 
150,000  cubic  feet  of  free  air  was  compressed  and  forced  into  one  well 
daily,  at  a  pressure  of  40  pounds,  and  within  a  week  the  production 
of  the  surrounding  wells  had  increased,  after  which  the  use  of  com- 
pressed air  was  extended  to  other  parts  of  the  property.  The  Wood 
farm  is  located  in  the  "  Chesterhill  streak,"  production  being  ob- 
tained from  the  First  Cow  Run  sand  at  depths  averaging  about  450 
feet.  This  property  had  been  drilled  in  1898  and  had  been  gas 
pumped  for  several  years.  At  the  time  the  experiment  was  started, 
the  production  had  dropped  to  an  average  of  7  gallons  per  well  daily. 
The  oil  is  of  paraffin  base,  has  a  gravity  of  more  than  40°  B.,  and  the 
sand  is  coarse  and  pebbly.  The  effect  of  the  process  on  this  property 
is  shown  in  figure  11  (see  p.  68). 

The  process  is  known  to  have  been  employed  on  over  90  properties, 
of  which  at  least  80  per  cent  have  been  successful.  Nearly  all  of 
these  properties  are  located  in  the  Appalachian  fields  in  the  south- 

•Tfte  principle  of  IncreaRlng  production  by  forcing  air  or  any  other  gan  through  the 
oil  sand,  and  many  detailn  of  operation,  are  covered  by  U.  S.  patents  controlled  mostly  by 
I.  L.  Dunn,  of  Marietta,  Ohio,  and  others.  See  OU  and  Gas  Journal,  vol.  15»  No.  4, 
June  29,  1916,  p.  84. 
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eastern  parts  of  Ohio  and  the  northwestern  parts  of  West  Virginia. 
Probably  4,000  wells  have  been  affected  by  the  process,  and  its  use 
is  extending  rapidly,  being  retarded  principally  by  the  difficulty  in 
obtaining  machinery  under  the  present  abnormal  conditions.  Few  of 
the  plants  are  more  than  three  years  old,  and  probably  half  the 
plants  were  installed  during  the  past  year  (1916).  It  was  not  until 
recently  that  the  producers  in  the  district  became  fully  awakened  as 
to  what  was  being  accomplished,  and  as  to  how  much  oil  still  remains 
underground.  The  recent  expansion  in  the  use  of  this  process  is 
sufficient  warrant  of  its  practicability  and  success. 

PBINCIPLES  OF  FBrOCESS. 

The  essential  principle  of  the  Smith-Dunn  or  Marietta  process  is 
to  replace  the  natural  gas,  which  originally  accompanied  the  oil  and 
was  the  principal  agent  in  forcing  the  oil  into  the  wells  but  has  been 
exhausted^  with  compressed  air.  The  air  is  forced  into  the  sand 
under  pressures  varying  from  40  to  300  pounds  through  some  of  the 
wells  on  the  property,  which  are  called  "  air  wells,"  the  oil  being 
pumped  from  the  other  wells  in  the  usual  way.  Any  gas  which  does 
not  combine  with  the  oil  chemically  under  the  conditions  existing 
underground  could  be  used,  but  of  these  gases  only  air  and  natural 
gas  are  practically  available.  On  the  old,  nearly  exhausted  prop- 
erties where  the  process  has  been  employed  natural  gas  is  seldom 
available,  or  only  at  excessive  costs,  and  it  is  seldom  practicable 
to  use  anything  but  air. 

PBGCEDUBE  IN  INSTALLING  FBOCESS. 
EQUIPMENT  REQUIRED. 

The  extra  equipment  necessary  for  using  the  process  over  that  com- 
monly used  on  any  producing  oil  lease  consists  of  an  air-compressor 
plant,  a  system  of  piping  for  conveying  the  compressed  air  to  the 
air  wells,  and  the  preparation  of  certain  wells  for  taking  air. 

The  air  compressor  can  be  of  any  efficient  type,  and  is  usually 
driven  by  a  gas  engine,  because  gas  is  in  nearly  every  instance  the 
cheapest  and  most  available  fuel.  However,  any  other  type  of  engine 
can  be  emyloyed.  The  tendency  has  been  toward  using  direct- 
driven  types  because  of  greater  efficiency  and  compactness. 

The  compressors  in  use  vary  in  size  from  20  to  100  horsepower. 
It  is  considered  advisable  to  restrict  the  size  of  the  units  to  100  horse- 
power, and  where  more  power  is  needed  to  install  additional  units. 
Where  the  air  is  compressed  to  a  pressure  of  more  than  100  pounds, 
two-stage  compressors  are  generally  used.  Some  operators  recom- 
mend that  80  pounds  is  the  better  maximum  for  single-stage  com- 
pressors. Information  on  compressors  used  at  42  properties,  with 
various  other  data,  are  presented  in  Table  4. 
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On  account  of  having  to  use  gas  diluted  with  air,  it  is  frequently 
necessary  to  enlarge  the  gas  intake  and  reduce  the  air  intake  corre- 
spondingly. Gas  engines  are  now  being  constructed  which  are  fitted 
with  special  valves  for  regulating  the  gas  and  air  intakes  conven- 
iently. 

The  compressor  plant  should  be  situated  convenient  to  an  adequate 
water  supply,  because  considerable  water  is  needed  to  cool  the  engine 
and  the  compressor.  The  site  of  the  plant  should  also  be  selected 
with  a  view  to  distributing  the  air  with  a  minimum  amoimt  of  pipe, 
as  this  item  will  comprise  a  considerable  part  of  the  initial  cost  of 
installing  the  process.  Moreover,  the  farther  the  air  has  to  travel 
through  pipes  the  greater  is  the  loss  of  volmne  and  pressure  feom 
leakage  and  friction.  On  large  properties  it  is  considered  the  better 
policy  to  put  in  several  plants  rather  than  to  build  large  central 
stations. 

The  compressed  air  is  distributed  through  2-inch  to  4-inch  mains, 
with  1-inch  laterals  leading  to  the  air  wells.  With  the  distances 
and  the  velocities  of  air  used  on  the  ordinary  plant,  these  sizes  are 
large  enough  and  the  pressure  losses  due  to  friction  do  not  warrant 
the  extra  cost  of  increasing  the  size  of  the  pipe.  The  air  should  be 
conducted  through  a  cooling  system  near  the  compressor  (see  PI.  I, 
B)  and  the  water  drained  off  in  traps,  otherwise  it  will  give  trouble 
in  the  lines,  especially  in  winter. 

It  is  also  necessary  to  have  a  gas-gathering  system  from  the  pump- 
ing wells  to«  supply  fuel  for  the  compressor  plant.  These  usually 
consist  of  2-inch  lines,  and  the  system  is  essentially  the  same  as  on 
the  ordinary  lease  where  casing-head  gas  is  used  for  fuel  or  for 
making  gasoline. 

The  well-pumping  equipment  can  be  of  the  usual  kinds,  but  as 
the  compressed  air  can  be  used  as  a  source  of  power  there  has  been 
»  tendency  to  put  in  pumps  operated  by  compressed  air.  Plates  III 
and  IV,  A^  show  types  of  such  pumping  equipment.  The  pumps 
shown  in  Plate  III,  -4,  operate  on  the  displacement  principle,  whereas 
in  the  equipment  shown  in  Plate  III,  -S,  the  compressed  air  is  used 
as  in  a  steam  cylinder,  the  sucker  rods  being  attached  to  the  piston 
rod.  By  using  compressed  air,  the  engine,  pumping  power,  and  hous- 
ing can  be  done  away  with,  as  well  as  the  shackle  rods  and  the 
jacks.  It  is  used  at  Bradford  in  pump  heads  (see  PI.  Ill,  B)  and 
in  modified  steam  engines  (see  PI.  IV,  A)^  because  there  is  not  so 
much  loss  of  power  in  transmission  as  with  steam,  especially  in  cold 
weather.  Where  compressed  air  is  used  on  a  lease,  it  can  be  used 
as  a  source  of  power  for  nearly  every  purpose. 

The  oil-gathering  equipments  are  of  the  usual  kinds,  and  the  only 
effect  that  the  use  of  compressed  air  has  is  to  reduce  the  number  of 
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the  writer  is  20  horsepower,  and  the  largest  is  185  horsepower.  The 
size  of  plant  necessary  will  depend  on  the  number  of  wells  on  the 
property,  the  pressures  employed,  and  the  capacity  of  the  oil  sand 
for  taking  air.  Thirty-two  of  the  plants  listed  in  Table  4  average 
1.83  horsepower  per  well  (air  and  pumping  wells) .  The  lowest  figure 
is  0.83  horsepower  per  well  and  the  highest  4.7.  The  latter  plant 
provides  air  for  other  properties.  About  the  same  horsepower  per 
well  is  used  for  the  different  pressures  (see  fig.  9). 

In  determining  the  size  of  a  plant  consideration  should  be  given  to 
the  experience  gained  on  properties  with  similar  conditions,  especially 
those  i^ear  by,  but  on  account  of  the  variations  in  the  nature  of  the 
oil  sands,  even  from  one  well  to  another,  it  is  always  advisable  to 
make  tests,  although  data  on  results  obtained  on  properties  near  by 
may  be  available.  The  usual  method  of  making  such  tests  has  been 
by  means  of  a  portable  compressor,  one  of  5  horsepower  having  been 
found  to  be  effective  in  the  Appalachian  fields.  Each  prospective  air 
well  is  tested  separately,  and  the  volume  of  free  air  which  it  will  take 
imder  different  pressures  is  determined.  Nearly  always  the  sand  will 
take  practically  no  air  until  a  certain  minimimi  pressure  has  been  ex- 
ceeded, which  is  an  indication  of  the  f  rictional  resistance  in  the  sand. 
Also,  the  maximum  pressure  at  which  the  sand  will  take  all  the  air 
the  testing  plant  can  deliver  at  that  pressure  may  be  determined.  By 
these  tests  data  are  obtained  on  the  volumes  and  pressures  the  wells 
will  require,  from  which  the  size  of  the  plant  can  be  estimated.  It  is, 
of  course,  impossible  to  make  the  calculation  precise,  and  during  the 
life  of  a  property  conditions  may  change  which  will  modify  the  first 
estimates.  As  a  matter  of  policy  it  is  advisable  to  put  in  a  larger 
compressor  than  is  seemingly  necessary,  in  order  that  there  may  be 
reserve  power  for  using  higher  pressures  and  larger  volumes  if  found 
desirable.  The  plant  also  decreases  in  efficiency  with  continued  use, 
and  if  the  gas  becomes  lean  the  actual  delivery  of  horsepower  from 
the  gas  en^e  becomes  less. 

In  testing  a  well  the  capacity  of  the  testing  plant  must  be  known, 
and  the  internal  capacity  of  the  well  itself  must  be  estimated  from 
the  size  of  the  casing  in  the  well  and  the  probable  size  of  the  shot 
hole.  At  frequent  intervals  careful  records  are  taken  of  the  pres- 
sures and  the  rate  at  which  the  well  is  taking  air,  so  that  it  can  be 
computed  what  pressures  will  be  necessary  to  force  a  given  volume 
of  air  into  the  sand  or  how  much  air  can  be  forced  into  the  sand  a* 
given  pressures.  When  the  test  is  completed  the  response  of  the 
well  to  the  returning  air  upon  reduction  of  pressure  is  noted,  and  i^ 
the  air  brings  back  considerable  oil  it  is  considered  a  good  indication 
that  conditions  are  favorable  for  using  the  process.  This,  however, 
is  not  a  decisive  test. 
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•  When  the  tests  have  been  completed  they  will  show  what  volume 
of  air  each  well  will  take  at  various  pressures.  The  plant  should  be 
large  enough  to  force  into  the  sand  the  volumes  of  air  experience 
has  shown  to  be  desirable.  An  average  of  about  10,000  cubic  feet  of 
free  air  per  day  is  used  for  each  well  (air  and  pumping  wells),  but 
the  volumes  required  are  less  for  pressures  higher  than  the  average 
pressure  (115  pounds)  and  greater  for  pressures  lower  than  the 
average,  and  may  be  as  much  as  20,000  cubic  feet  per  well  daily. 
If  the  6-horsepower  portable  tester  showed  that  the  wells  which  were 
to  be  used  for  taking  air  each  averaged  40,000  cubic  feet  of  air  per 
day  at  a  pressure  of  120  pounds  and  there  were  to  be  threlB  pumping 
wells  for  each  air  well,  then  the  average  volume  required  would  be 
10,000  cubic  feet  per  well,  which  is  the  average  volume  for  that 
pressure.  The  property  would  consequently  require  a  plant  of  not 
less  than  1.25  horsepower  per  well,  and  to  this  figure  should  be 
added  a  factor  for  reserve  power.  If  tkere  were  to  be  four  pumping 
wells  to  each  air  well,  higher  pressures  and  greater  horsepower  per 
well  would  be  required  to  force  in  the  same  quantity  of  free  air. 

PREPARING   AIR   WELLS. 

One  of  the  most  important  considerations  in  preparing  wells  for 
taking  air  is  not  to  let  the  air  have  access  to  any  formations  other 
than  the  oil  sands,  otherwise  large  quantities  of  air  may  escape  into 
the  barren  strata  and  be  wasted.  The  reasons  for  this  statement  are 
discussed  in  more  detail  in  another  part  of  this  paper.  If  the  well 
has  a  string  of  casing  tightly  seated  on  the  top  of  the  oil  sand,  the 
air  can  be  let  into  the  top  of  the  casing  through  a  tight  head  or  cap 
(see  PL  IV,  B).  When  the  well  is  not  cased  in  this  manner,  a  string 
of  small  pipe  or  tubing  is  placed  in  the  well  and  packed  at  the  top  of 
the  sand,  as  shown  in  figure  3.  One-inch  pipe  has  been  used  in 
shallow  fields,  this  sometimes  being  the  only  pipe  in  the  hole.  Con- 
siderable strength  is  required  in  the  packer  to  withstand  the  upward 
pressure  from  the  compressed  air.  The  usual  rubber  packers  fre- 
quently will  not  hold  tight  under  the  pressures  employed,  and  other 
methods  for  packing  must  then  be  used. 

A  method  of  packing  that  has  proved  satisfactory  for  shallow  wells 
is  to  wrap  the  pipe  with  broad  strips  of  burlap  or  canvas,  which  is 
split  at  the  top  to  form  a  flare,  until  the  wrapping  nearly  fills  the 
hole  or  the  casing.  The  pipe  is  lowered  into  the  hole  to  the  desired 
position,  some  sand  is  dropped  in  between  the  pipe  and  the  walls  of 
the  hole  to  flare  out  the  burlap,  and  a  thin  mixture  of  sand  and 
cement  (1  to  1)  is  poured  down  outside  of  the  pipe  onto  the  burlap, 
forming  a  bridge  5  to  10  feet  deep  between  the  pipe  and  the  walls 
of  the  hole,  so  that  the  pipe  is  securely  packed  when  the  mixture 
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sets.  The  burlap  is  wrapped  onto  a  short  joint  of  pipe  which  has 
a  left-hand  thread  at  the  top,  and  no  anchor  is  put  on  the  bottom 
of  the  pipe.  If  it  is  desired  to  remove  the  packing,  the  pipe  is  un- 
screwed at  the  left-hand  thread,  and  the  cement  drilled  out.  The 
first  »few  blows  of  the  tools  will  probably  drive  the  short  joint  of 
pipe  through  the  cement  and  the  hole  can  be  cleared  without  much 
effort. 

It  has  not  often  been  considered  necessary  to  shoot  the  air  wells. 
They  should,  however,  be  cleaned  out,  and  sometimes  it  is  advisable 
to  remove  the  waxy  sediments  that  clog  the  surface  of  the  sand. 
Newly  drilled  wells  have  the  advantage  of  the  sand  being  perfectly 
clean  and  free  from  waxy  sediment. 

Occasionally  a  combination  well  is  made  by  forcing  the  air  down 
between  the  casing  and  tubing  in  a  pumping  well.  Such  a  well  can 
be  used  as  an  air  well  for  a  time  and  then  be  pumped  when  the  air 
is  stopped  and  the  oil  comes  back  under  the  released  pressure. 

PREPARING   PUMPING   WELLS. 

In  preparing  the  wells  on  a  property  for  the  use  of  compressed  air, 
ordinarily  no  changes  need  be  made  in  a  pumping  equipment  unless 
it  is  old  and  out  of  repair.  However,  the  process  is  frequently  in- 
stalled on  properties  where  the  equipment  has  been  allowed  to  run 
down  because  the  small  profits  have  not  permitted  repairs  and  replace- 
ments. Such  equipment  may  not  prove  adequate  to  handle  the  in- 
creased production,  nor  the  floating  sand*  which  often  gives  trouble 
during  the  first  months  or  years  that  the  process  is  used.  It  is  also 
desirable  to  clean  the  wells  and  to  put  them  in  condition  to  yield 
the  maximum  production  with  the  least  pump  trouble  and  expense. 
If  the  application  of  the  process  is  successful,  the  additional  profits 
will  more  than  compensate  these  extra  expenditures.  Those  op- 
erators who  have  spent  extra  time  and  money  cleaning  their  wells 
have  usually  been  repaid  by  less  pumping  troubles. 

It  is  sometimes  desirable  to  maintain  back  pressures  in  the  pump- 
ing wells  on  the  oil  sand.  There  are  several  ways  of  preparing  a 
well  for  the  use  of  regulated  back  pressure,  the  simplest  being  to 
place  a  reducing  valve  on  the  gas-gathering  line  from  the  casing 
head.  When  pressure  is  maintained  in  the  well  by  this  means^  the 
formations  overlying  the  oil  sand  should  be  cased  off  so  that  the  gas 
will  not  waste  in  the  same  way  as  it  would  in  an  air  well  not  cased  off. 
Another  method  for  maintaining  back  pressures  in  the  wells  is  shown 
in  figure  4.  The  tubing  ring  used  with  this  method  is  shown  in 
figure  5. 

Although  the  process  does  not  require  changing  the  type  of  pump- 
ing equipment,  a  logical  development  will  be  a  greater  use  of  com- 


gMITH-DUKN  OB  MARIETTA  COMPRESSED-AIR  PROCESS.  43 

•  When  the  tests  have  been  completed  they  will  show  what  volume 

of  air  each  well  will  take  at  various  pressures.    The  plant  should  be 

large  enough  to  force  into  the  sand  the  volumes  of  air  experience 

lias  shown  to  be  desirable.    An  average  of  about  10,000  cubic  feet  of 

:free  air  per  day  is  used  for  each  well  (air  and  pumping  wells),  but 

-the  volumes  required  are  less  for  pressures  higher  than  the  average 

pressure  (115  pounds)   and  greater  for  pressures  lower  than  the 

average,  and  may  be  as  much  as  20,000  cubic  feet  per  well  daily. 

If  the  5-horsepower  portable  tester  showed  that  the  wells  which  were 

to  be  used  for  taking  air  each  averaged  40,000  cubic  feet  of  air  per 

day  at  a  pressure  of  120  pounds  and  there  were  to  be  three  pumping 

wells  for  each  air  well,  then  the  average  volume  required  would  be 

10,000  cubic  feet  per  well,  which  is  the  average  volume  for  that 

pressure.    The  property  would  consequently  require  a  plant  of  not 

less  than  1.25  horsepower  per  well,  and  to  this  figure  should  be 

added  a  factor  for  reserve  power.    If  there  were  to  be  four  pumping 

wells  to  each  air  well,  higher  pressures  and  greater  horsepower  per 

well  would  be  required  to  force  in  the  same  quantity  of  free  air. 

PREPARING   AIR   WELtLS. 

One  of  the  most  important  considerations  in  preparing  wells  for 
taking  air  is  not  to  let  the  air  have  access  to  any  formations  other 
than  the  oil  sands,  otherwise  large  quantities  of  air  may  escape  into 
the  barren  strata  and  be  wasted.  The  reasons  for  this  statement  are 
discussed  in  more  detail  in  another  part  of  this  paper.  If  the  well 
has  a  string  of  casing  tightly  seated  on  the  top  of  the  oil  sand,  the 
air  can  be  let  into  the  top  of  the  casing  through  a  tight  head  or  cap 
(see  PL  IV,  B).  When  the  well  is  not  cased  in  this  manner,  a  string 
of  small  pipe  or  tubing  is  placed  in  the  well  and  packed  at  the  top  of 
the  sand,  as  shown  in  figure  3.  One-inch  pipe  has  been  used  in 
shallow  fields,  this  sometimes  being  the  only  pipe  in  the  hole.  Con- 
siderable strength  is  required  in  the  packer  to  withstand  the  upward 
pressure  from  the  compressed  air.  The  usual  rubber  packers  fre- 
quently will  not  hold  tight  under  the  pressures  employed,  and  other 
methods  for  packing  must  then  be  used. 

A  method  of  packing  that  has  proved  satisfactory  for  shallow  wells 
is  to  wrap  the  pipe  with  broad  strips  of  burlap  or  canvas,  which  is 
split  at  the  top  to  form  a  flare,  until  the  wrapping  nearly  fills  the 
hole  or  the  casing.  The  pipe  is  lowered  into  the  hole  to  the  desired 
position,  some  sand  is  dropped  in  between  the  pipe  and  the  walls  of 
the  hole  to  flare  out  the  burlap,  and  a  thin  mixture  of  sand  and 
cement  (1  to  1)  is  poured  down  outside  of  the  pipe  onto  the  burlap, 
forming  a  bridge  5  to  10  feet  deep  between  the  pipe  and  the  walls 
of  the  hole,  so  that  the  pipe  is  securely  packed  when  the  mixture 


42  OIL-BECOVEBY  METHODS. 

the  writer  is  20  horsepower,  and  the  largest  is  185  horsepower.  The 
size  of  plant  necessary  will  depend  on  the  number  of  wells  on  the 
property,  the  pressures  employed,  and  the  capacity  of  the  oil  sand 
for  taking  air.  Thirty-two  of  the  plants  listed  in  Table  4  average 
1.83  horsepower  per  well  (air  and  pumping  wells) .  The  lowest  figure 
is  0.83  horsepower  per  well  and  the  highest  4.7.  The  latter  plant 
provides  air  for  other  properties.  About  the  same  horsepower  per 
well  is  used  for  the  different  pressures  (see  fig.  9). 

In  determining  the  size  of  a  plant  consideration  should  be  given  to 
the  experience  gained  on  properties  with  similar  conditions,  especially 
those  i^ear  by,  but  on  account  of  the  variations  in  the  nature  of  the 
oil  sands,  even  from  one  well  to  another,  it  is  always  advisable  to 
make  tests,  although  data  on  results  obtained  on  properties  near  by 
may  be  available.  The  usual  method  of  making  such  tests  has  been 
by  means  of  a  portable  compressor,  one  of  5  horsepower  having  been 
found  to  be  effective  in  the  Appalachian  fields.  Each  prospective  air 
well  is  tested  separately,  and  the  volume  of  free  air  which  it  will  take 
imder  different  pressures  is  determined.  Nearly  always  the  sand  will 
take  practically  no  air  imtil  a  certain  minimimi  pressure  has  been  ex- 
ceeded, which  is  an  indication  of  the  frictional  resistance  in  the  sand. 
Also,  the  maximum  pressure  at  which  the  sand  will  take  all  the  air 
the  testing  plant  can  deliver  at  that  pressure  may  be  determined.  By 
these  tests  data  are  obtained  on  the  volumes  and  pressures  the  wells 
will  require,  from  which  the  size  of  the  plant  can  be  estimated.  It  is, 
of  course,  impossible  to  make  the  calculation  precise,  and  during  the 
life  of  a  property  conditions  may  change  which  will  modify  the  first 
estimates.  As  a  matter  of  policy  it  is  advisable  to  put  in  a  larger 
compressor  than  is  seemingly  necessary,  in  order  that  there  may  be 
reserve  power  for  using  higher  pressures  and  larger  volumes  if  found 
desirable.  The  plant  also  decreases  in  efficiency  with  continued  use, 
and  if  the  gas  becomes  lean  the  actual  delivery  of  horsepower  from 
the  gas  engine  becomes  less. 

In  testing  a  well  the  capacity  of  the  testing  plant  must  be  known, 
and  the  internal  capacity  of  the  well  itself  must  be  estimated  from 
the  size  of  the  casing  in  the  well  and  the  probable  size  of  the  shot 
hole.  At  frequent  intervals  careful  records  are  taken  of  the  pres- 
sures and  the  rate  at  which  the  well  is  taking  air,  so  that  it  can  be 
computed  what  pressures  will  be  necessary  to  force  a  given  volume 
of  air  into  the  sand  or  how  much  air  can  be  forced  into  the  sand  at 
given  pressures.  When  the  test  is  completed  the  response  of  the 
well  to  the  returning  air  upon  reduction  of  pressure  is  noted,  and  il 
the  air  brings  back  considerable  oil  it  is  considered  a  good  indication 
that  conditions  are  favorable  for  using  the  process.  This,  however, 
is  not  a  decisive  test. 
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•  When  the  tests  have  been  completed  they  will  show  what  volume 
of  air  each  well  will  take  at  various  pressures.  The  plant  should  be 
large  enough  to  force  into  the  sand  the  volumes  of  air  experience 
has  shown  to  be  desirable.  An  average  of  about  10,000  cubic  feet  of 
free  air  per  day  is  used  for  each  well  (air  and  pumping  wells),  but 
the  volumes  required  are  less  for  pressures  higher  than  the  average 
pressure  (115  poimds)  and  greater  for  pressures  lower  than  the 
average,  and  may  be  as  much  as  20,000  cubic  feet  per  well  daily. 
If  the  6-horsepower  portable  tester  showed  that  the  wells  which  were 
to  be  used  for  taking  air  each  averaged  40,000  cubic  feet  of  air  per 
day  at  a  pressure  of  120  pounds  and  there  were  to  be  three  pumping 
wells  for  each  air  well,  then  the  average  volume  required  would  be 
10,000  cubic  feet  per  well,  which  is  the  average  volume  for  that 
pressure.  The  property  would  consequently  require  a  plant  of  not 
less  than  1.25  horsepower  per  well,  and  to  this  figure  should  be 
added  a  factor  for  reserve  power.  If  there  were  to  be  four  pumping 
wells  to  each  air  well,  higher  pressures  and  greater  horsepower  per 
well  would  be  required  to  force  in  the  same  quantity  of  free  air. 

PREPARING   AIR   WEIXS. 

One  of  the  most  important  considerations  in  preparing  wells  for 
taking  air  is  not  to  let  the  air  have  access  to  any  formations  other 
than  the  oil  sands,  otherwise  large  quantities  of  air  may  escape  into 
the  barren  strata  and  be  wasted.  The  reasons  for  this  statement  are 
discussed  in  more  detail  in  another  part  of  this  paper.  If  the  well 
has  a  string  of  casing  tightly  seated  on  the  top  of  the  oil  sand,  the 
air  can  be  let  into  the  top  of  the  casing  through  a  tight  head  or  cap 
(see  PI.  IV,  B).  When  the  well  is  not  cased  in  this  manner,  a  string 
of  small  pipe  or  tubing  is  placed  in  the  well  and  packed  at  the  top  of 
the  sand,  as  shown  in  figure  3.  One-inch  pipe  has  been  used  in 
shallow  fields,  this  sometimes  being  the  only  pipe  in  the  hole.  Con- 
siderable strength  is  required  in  the  packer  to  withstand  the  upward 
pressure  from  the  compressed  air.  The  usual  rubber  packers  fre- 
quently will  not  hold  tight  under  the  pressures  employed,  and  other 
methods  for  packing  must  then  be  used. 

A  method  of  packing  that  has  proved  satisfactory  for  shallow  wells 
is  to  wrap  the  pipe  with  broad  strips  of  burlap  or  canvas,  which  is 
split  at  the  top  to  form  a  flare,  until  the  wrapping  nearly  fills  the 
hole  or  the  casing.  The  pipe  is  lowered  into  the  hole  to  the  desired 
position,  some  sand  is  dropped  in  between  the  pipe  and  the  walls  of 
the  hole  to  flare  out  the  burlap,  and  a  thin  mixture  of  sand  and 
cement  (1  to  1)  is  poured  down  outside  of  the  pipe  onto  the  burlap, 
forming  a  bridge  5  to  10  feet  deep  between  the  pipe  and  the  walls 
of  the  hole,  so  that  the  pipe  is  securely  packed  when  the  mixture 
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sets.  The  burlap  is  wrapped  onto  a  short  joint  of  pipe  which  has 
a  left-hand  thread  at  the  top,  and  no  anchor  is  put  on  the  bottom 
of  the  pipe.  If  it  is  desired  to  remove  the  packing,  the  pipe  is  un- 
screwed at  the  left-hand  thread,  and  the  cement  drilled  out.  The 
first  Jew  blows  of  the  tools  will  probably  drive  the  short  joint  of 
pipe  through  the  cement  and  the  hole  can  be  cleared  without  much 
effort. 

It  has  not  often  been  considered  necessary  to  shoot  the  air  wells. 
They  should,  however,  be  cleaned  out,  and  sometimes  it  is  advisable 
to  remove  the  waxy  sediments  that  clog  the  surface  of  the  sand. 
Newly  drilled  wells  have  the  advantage  of  the  sand  being  perfectly 
clean  and  free  from  waxy  sediment. 

Occasionally  a  combination  well  is  made  by  forcing  the  air  down 
between  the  casing  and  tubing  in  a  pumping  welL  Such  a  well  can 
be  used  as  an  air  well  for  a  time  and  then  be  pumped  when  the  air 
is  stopped  and  the  oil  comes  back  under  the  released  pressure. 

PREPARING   PUMPING   WELLS. 

In  preparing  the  wells  on  a  property  for  the  use  of  compressed  air, 
ordinarily  no  changes  need  be  made  in  a  pumping  equipment  unless 
it  is  old  and  out  of  repair.  However,  the  process  is  frequently  in- 
stalled on  properties  where  the  equipment  has  been  allowed  to  run 
down  because  the  small  profits  have  not  permitted  repairs  and  replace- 
ments. Such  equipment  may  not  prove  adequate  to  handle  the  in- 
creased production,  nor  the  floating  sand'  which  often  gives  trouble 
during  the  first  months  or  years  that  the  process  is  used.  It  is  also 
desirable  to  clean  the  wells  and  to  put  them  in  condition  to  yield 
the  maximum  production  with  the  least  pump  trouble  and  expense. 
If  the  application  of  the  process  is  successful,  the  additional  profits 
will  more  than  compensate  these  extra  expenditures.  Those  op- 
erators who  have  spent  extra  time  and  money  cleaning  their  wells 
have  usually  been  repaid  by  less  pumping  troubles. 

It  is  sometimes  desirable  to  maintain  back  pressures  in  the  pump- 
ing wells  on  the  oil  sand.  There  are  several  ways  of  preparing  a 
well  for  the  use  of  regulated  back  pressure,  the  simplest  being  to 
place  a  reducing  valve  on  the  gas-gathering  line  from  the  casing 
head.  WTien  pressure  is  maintained  in  the  well  by  this  means^  the 
formations  overlying  the  oil  sand  should  be  cased  off  so  that  the  gas 
will  not  waste  in  the  same  way  as  it  would  in  an  air  well  not  cased  off. 
Another  method  for  maintaining  back  pressures  in  the  wells  is  shown 
in  figure  4.  The  tubing  ring  used  with  this  method  is  shown  in 
figure  5. 

Although  the  process  does  not  require  changing  the  type  of  pump- 
ing equipment,  a  logical  development  will  be  a  greater  use  of  com- 
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When  the  tests  have  been  completed  they  will  show  what  volume 

eir  each  well  will  take  at  various  pressures.    The  plant  should  be 

lsii*ge  enough  to  force  into  the  sand  the  volumes  of  air  experience 

h&s  shown  to  be  desirable.    An  average  of  about  10,000  cubic  feet  of 

free  air  per  day  is  used  for  each  well  (air  and  pumping  wells),  but 

tSxe  volumes  required  are  less  for  pressures  higher  than  the  average 

pressure  (115  pounds)   and  greater  for  pressures  lower  than  the 

Average,  and  may  be  as  much  as  20,000  cubic  feet  per  well  daily. 

If  the  6-horsepower  portable  tester  showed  that  the  wells  which  were 

to  be  used  for  taking  air  each  averaged  40,000  cubic  feet  of  air  per 

day  at  a  pressure  of  120  pounds  and  there  were  to  be  three  pumping 

wells  for  each  air  well,  then  the  average  volume  required  would  be 

10,000  cubic  feet  per  well,  which  is  the  average  volume  for  that 

pressure.    The  property  would  consequently  require  a  plant  of  not 

less  than  1.25  horsepower  per  well,  and  to  this  figure  should  be 

added  a  factor  for  reserve  power.    If  there  were  to  be  four  pumping 

wells  to  each  air  well,  higher  pressures  and  greater  horsepower  per 

well  would  be  required  to  force  in  the  same  quantity  of  free  air. 

PREPABING   AIR    WELLS. 

One  of  the  most  important  considerations  in  preparing  wells  for 
taking  air  is  not  to  let  the  air  have  access  to  any  formations  other 
tlian  the  oil  sands,  otherwise  large  quantities  of  air  may  escape  into 
the  barren  strata  and  be  wasted.  The  reasons  for  this  statement  are 
discussed  in  more  detail  in  another  part  of  this  paper.  If  the  well 
has  a  string  of  casing  tightly  seated  on  the  top  of  the  oil  sand,  the 
air  can  be  let  into  the  top  of  the  casing  through  a  tight  head  or  cap 
(see  PL  IV,  B).  When  the  well  is  not  cased  in  this  manner,  a  string 
of  small  pipe  or  tubing  is  placed  in  the  well  and  packed  at  the  top  of 
the  sand,  as  shown  in  figure  3.  One-inch  pipe  has  been  used  in 
shallow  fields,  this  sometimes  being  the  only  pipe  in  the  hole.  Con- 
siderable strength  is  required  in  the  packer  to  withstand  the  upward 
pressure  from  the  compressed  air.  The  usual  rubber  packers  fre- 
quently will  not  hold  tight  under  the  pressures  employed,  and  other 
methods  for  packing  must  then  be  used. 

A  method  of  packing  that  has  proved  satisfactory  for  shallow  wells 
is  to  wrap  the  pipe  with  broad  strips  of  burlap  or  canvas,  which  is 
split  at  the  top  to  form  a  flare,  until  the  wrapping  nearly  fills  the 
hole  or  the  casing.  The  pipe  is  lowered  into  the  hole  to  the  desired 
position,  some  sand  is  dropped  in  between  the  pipe  and  the  walls  of 
the  hole  to  flare  out  the  burlap,  and  a  thin  mixture  of  sand  and 
cement  (1  to  1)  is  poured  down  outside  of  the  pipe  onto  the  burlap, 
forming  a  bridge  5  to  10  feet  deep  between  the  pipe  and  the  walls 
of  the  hole,  so  that  the  pipe  is  securely  packed  when  the  mixture 
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pressed  air  in  the  future  as  the  source  of  pumping  power  on  leases 

employing  the  process.     The  power  is  centralized,  and  the  air  is 

readily  distributed  without  much  loss  in  power,  or  trouble  in  opera- 

*  tion.    In  many  eastern  fields  the  wells  were  pumped  by  compressed 

air  long  before  the  process  of  forc- 

Jub/ngnng  ing  compressed  air  into  the  sands 

^!i^(f?i  came  into  use.    At  Bradford,  Pa., 

Tadmg  co//ar  ^-         *^  j     •     •       i  j  x 

S/of  forsss  escape     ^"®  compressed  air  is  also  used  to 

I'^er  run  steam  engines,  pumping  wells 

"on  the  beam"   (see  PL  IV,  A\ 
FiGUBB  5.— Tubing  ring  slotted  to  permit    or  in  "  air  heads"  (see  PL  III,  5). 

escape  of  air  and  gas.   (See  fig.  4).  ^j^.    j-j^g    ^^^^    ^^^^    ^^^    :^   ^^^ 

eastern  fields  but  were  never  satisfactory.  Smith  and  Dunn  use  air 
displacement  pumps  on  many  of  the  shallow  wells  (see  PL  ITT,  A) 
where  the  process  is  employed. 

On  a  few  properties  some  of  the  wells  have  displayed  a  tendency 
to  flow;  and  it  is  possible  that  with  the  proper  application  of 
compressed  air,  the  wells  can  sometimes  be  made  to  flow  their  pro- 
duction. 

PROPORTION  OF  AIR  WELLS  TO  PRODUCING  WELLS. 

The  proportion  of  air  wells  to  producing  wells  will  depend  not 
only  on  the  local  conditions  on  each  property,  but  also  on  the  prin- 
ciple on  which  the  process  is  being  operated.  If  back  pressures  are 
being  used,  different  factors  enter  into  the  problem  than  if  no  back 
pressures  are  being  maintained  in  the  producing  wells.  Experience 
without  the  use  of  back  pressure  indicates  that  the  best  practice  is  to 
distribute  many  air  wells  as  uniformly  as  possible  among  the  pro- 
ducing wells.  More  recent  experience  with  the  use  of  regulated  back 
pressures  in  the  manner  discussed  elsewhere  indicates  that  fewer  air 
wells  are  necessary,  and  that  the  wells  so  used  can  be  chosen  by  their 
capacity  for  taking  air  rather  than  because  of  their  central  location 
among  a  group  of  producing  wells.  The  operator  will  decide  from 
the  system  he  is  using  and  from  the  local  conditions  which  practice 
to  follow. 

Where  back  pressures  have  not  been  used  the  tendency  has  been 
to  increase  the  proportion  of  air  wells,  the  average  among  34  proper- 
ties shown  in  Table  4  being  1  air  well  to  each  2.6  producing  wells. 
At  first  consideration  the  operator  is  apt  to  think  that  as  few  air 
wells  should  be  used  as  possible,  thus  saving  more  of  the  wells  for 
pumping,  but  experience  has  shown  otherwise. 

Figure  6  represents  a  square  tract  of  160  acres  for  which  ideal  con- 
ditions are  assumed ;  that  is,  the  wells  are  spaced  evenly  and  the  char- 
acter of  the  oil  sand  and  other  conditions  are  uniform  over  the 
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property.  There  are  25  wells,  of  which  4  are  air  wells  and  21  are 
pumped,  there  being  1  air  well  to  each  5^  pumping  wells.  The 
air  from  each  air  well  passes  through  the  sand  to  the  surrounding 
pumping  wells  and  presumably  affects  all  the  sand  between  these 
wells.  It  is  likely,  however,  that  it  affects  less  the  strip  of  oil  sand 
between  the  line  wells  and  the  property  line.  The  diagram  illus- 
trates the  principle  that  if  there  are  not  enough  air  wells  the  oil 
will  not  be  moved  directly  between  the  air  wells  and  the  pumping 
wells,  and  parts  of  the  oil  sand  will  remain  practically  unaffected. 

The  air  enters  the  oil  sand  at  the  air  well,  spreads  out,  and  is  dis- 
tributed among  the  several  adjacent  pumping  wells.  Each  pumping 
well  gets  but  a  fraction  of  the  air  forced  into  the  air  well,  and  conse- 
quently the  rate  of  move- 
ment of  the  air  through  the 
sand  is  much  less  near  the 
pumping  wells  than  near 
the  air  well.  If  there  are 
four  pumping  wells  to  each 
air  well,  the  effect  is  like 
filling  a  2-inch  pipe  through 
a  1-inch  opening.  To  get 
a  sufficient  quantity  of  air 
into  the  sand,  it  is  neces- 
sary to  use  high  pressure  in 
the  air  wells,  and  this  re- 
quires more  power  and  oc- 
casions greater  frictional 
losses  both  in  the  surface 
equipment  and  under- 
ground. Where  the  air 
wells  are  scattered  far 
apart,  the  air  must  travel 
long  distances  through  the  sand,  which  also  increases  frictional  losses. 
With  a  greater  number  of  air  wells,  the  same  quantity  of  air  can  be 
forced  into  the  sand  with  less  pressure,  and  consequently  with  a  sav- 
ing in  power  and  frictional  losses.  Moreover,  the  compressed  air 
is  distributed  more  uniformly  over  the  property,  so  that  all  parts 
of  the  sand  will  be  affected.  The  equipment  cost  for  an  air  well 
is  much  less  than  for  a  pumping  well;  likewise  operating  expenses 
and  troubles  are  lessened,  and,  if  the  same  production  can  be  ob- 
tained by  changing  pumping  wells  to  air  wells,  a  considerable  saving 
may  be  made. 

As  a  matter  of  fact,  the  conditions  in  the  sand  are  far  from  being 
uniform,  as  is  assumed  in  figure  6,  and  some  parts  of  the  sand  will 


•  Pumptng  welt 

FiGURB  6. — Diagram  showing  distribution  and  spac- 
ing of  air  and  pumping  wells  under  ideal  condi- 
tions on  a  square  160-acre  tract. 
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offer  much  less  resistance  to  the  movements  of  the  air  than  other 
parts.  The  problem  is  to  get  the  air  into  all  parts  of  the  sand  where 
there  is  oil  and  to  prevent  it  wasting  through  parts  where  there  is 
little  or  no  oil.  The  air  willHake  the  easiest  and  the  shortest  routes 
between  the  air  wells  and  the  pumping  wells,  and  hence  there  is  a 
marked  tendency  for  the  air  to  pass  around  and  not  affect  the  tighter 
parts  of  the  sand  or  the  parts  not  in  the  path  of  the  air.  Where 
back  pressures  are  not  maintained  in  the  pumping  wells,  uniform 
distribution  of  the  air  underground  is  sought  by  having  many  air 
wells  uniformly  distributed  over  the  property  in  the  manner  de- 
scribed. 

By  maintaining  back  pressures  in  the  pumping  wells,  the  pressure 
undergroimd  may  be  built  up  and  eventually  the  air  will  find  its 
way  into  every  part  of  the  sand  on  the  property  no  matter  where 
it  originally  enters.  On  this  principle,  the  logical  way  is  to  get  the 
air  into  the  sand  in  the  easiest  way  possible  and  through  the  fewest 
number  of  wells.  The  wells  where  the  sand  takes  the  air  with  least 
resistance  are  selected  and  no  more  than  are  necessary  to  take  all  the 
air  at  the  desired  pressure,  back  pressure  being  maintained  in  the 
pumping  wells.  It  is  thought  that  the  air  will  then  find  its  way  into 
the  tighter  parts  of  the  sand  with  less  resistance,  for  the  air  will  be 
distributed  through  the  open  parts,  and  "will  come  into  contact  with 
the  tighter  parts  over  much  larger  areas  than  where  the  air  finds  its 
way  into  the  sand  through  the  walls  of  "  tight  sand  "  wells. 

Maintaining  back  pressures  on  the  producing  wells  is  a  recent  de- 
velopment, and  experience  has  hardly  given  a  settled  policy  in  re- 
gard to  the  best  manner  of  distributing  and  proportioning  air  wells. 
Some  of  the  factors  entering  into  the  problem  have  been  discussed, 
but  in  all  cases  trial  and  experience  will  have  to  determine  the  best 
practice  on  each  property  whether  regulated  back  pressure  is  being 
used  or  not. 

SELECTION   OF  AIR  WELLS. 

Perhaps  a  more  important  feature  in  the  selection  of  an  air  well 
than  its  situation  is  the  condition  of  the  oil  sand. 

The  tendency  is  to  use  "open-sand"  wells  for  taking  air,  and 
"  tight-sand  "  wells  for  pumping,  because  the  former  usually  waste 
too  much  air  when  pumped,  and  the  "tight-sand"  wells  require 
too  great  pressure  in  taking  the  air  and  cause  large  frictional  losses. 
When  a  pumping  well  begins  to  by-pass  or  waste  much  air,  it  had 
better  be  changed  into  an  air  well.  Frequently  it  becomes  necessary 
to  change  a  well  for  this  reason,  and  the  entire  system  of  air  and 
pimiping  wells  may  be  rearranged  during  the  life  of  a  property. 
Figure  7  shows  the  location  of  the  wells  on  a  property  near  Penns- 
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ville,  Ohio,  and  how  the  air  wells  had  to  be  arranged  in  actual  prac- 
tice. Some  of  the  air  wells  were  "by-pass  wells,"  and  wasted  so 
much  air  that  they  could  not  be  pumped  economically.  They  are 
arranged  in  lines  apparently  in  accordance  with  local  variations  in 
the  character  of  the  oil  sand.  On  account  of  the  irregularities  in 
the  sand,  pumping  wells  on  one  side  of  an  air  well  may  be  practically 
unaffected,  while  these  on  the  opposite  side  may  show  the  effects  to  a 
considerable  distance. 

A  few  operators  advise  that  all  wells  on  a  property  be  tested 
at  the  time  tests  are  made  for  determining  the  size  of  the  com- 
pressor in  order  to  get  an  index  of  the  conditions  in  the  sand  at 
each  well.  Considerable  variation  will  be  found  from  well  to  well, 
and  these  data  will  lead  to  a  more  intelligent  determination  of  what 
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0  Air  well 


•  Oil  well 


-f  Abandoned  oil  well 


FiouRB  7. — ^Plat  of  oil  property  on  *'  ChesterhlU  Rtreak  '*  near  PennsvUIe,  Ohio,  showing 
Irregular  distribution  of  air  wells  caused  by  irregularities  in  the  oil  sand.  Making 
well  No.  1  an  air  well  greatly  Increased  the  yields  from  wells  2  and  3  for  a  time ; 
then  the  air  "  blew  through "  and  made  "  by-pass "  channels.  No.  4  was  a  tight 
well  and  was  not  affected.  Nos.  2  and  3  were  then  shut  in  and  this  increased  the 
yields  from  Nos.  5  and  6.     No.  7  and  the  other  wells  above  were  also  benefited. 

wells  to  pump,  which  pumping  wells  will  need  regulated  back  pres- 
sure, and  which  wells  will  receive  air  readily.  This  information  is 
likely  to  prove  of  much  value  during  the  life  of  the  property. 

The  condition  of  the  well  itself  has  much  to  do  with  the  choice 
of  an  air  well.  The  well  must  be  in  good  shape  to  take  air  readily, 
and  with  no  chance  of  its  wasting  into  other  formations.  The  rela- 
tive productiveness  is  also  considered,  as  the  producer  naturally  dis- 
likes to  sacrifice  a  good  pumper.  However,  the  relative  productive- 
ness often  changes  after  the  process  has  been  in  use,  and  even  old, 
abandoned  wells  have  been  rejuvenated  and  made  producers. 
S8911*— 17— Bun.  148 i 
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Air  wells  are  placed  at  a  distance  from  property  lines  as  much 
as  possible,  unless  an  agreement  can  be  reached  with  the  neighbor, 
because  the  air  will  not  stop  at  property  lines  and  may  be  lost 
to  the  operator.  Furthermore,  the  air  crossing  the  property  line 
will  move  oil  witt  it,  at  the  expense  of-  the  user  of  the  process. 
These  considerations  are  more  important  where  the  neighbor  is  not 
using  the  process  or  his  wells  are  being  gas  pumped.  When  only 
one  property  uses  the  process  in  a  field  of  considerable  size,  there 
may  be  difficulty  in  building  up  the  pressure,  because  the  air  will 
spread  to  other  properties.  This  can  be  largely  controlled  by  plac- 
ing the  air  wells  centrally  on  the  property  and  gas  pumping  the  line 
wells.  Where  a  neighbor  is  also  using  the  air  process  it  is  advisable 
to  reach  an  agreement  with  him,  if  possible,  to  arrange  to  force 
air  into  the  strip  between  the  line  wells,  which  otherwise  will  be 
affected  only  indirectly. 

The  question  has  frequently  been  asked  the  writer  where  the  air 
wells  should  be  located  with  reference  to  the  geological  structure  of 
the  sand.  It  is  a  question  not  always  readily  answered,  but  the 
following  points  in  regard  to  it  may  be  considered:  WJien  the  air 
forces  the  oil  up  a  slope  it  is  moved  against  gravity,  whereas  if 
forced  down  the  slope  gravity  aids  in  the  movement,  but  in  fields 
like  those  east  of  the  Eocky  Mountains,  the  slopes  of  the  beds  are 
so  slight  that  this  fact  seldom  need  be  given  consideration  among 
the  many  more  important  factors  influencmg  the  choice  of  air  wells. 
At  times,  however,  the  oil  sand  is  continuous  with  an  exhausted 
gas  sand.  If  air  is  forced  into  the  oil  sand,  it  will  tend  to  move 
toward  the  exhausted  gas  sand  carrying  with  it  oil,  which  will  be 
disseminated  in  the  barren  strata  with  slight  chance  of  recovery. 
Under  such  conditions  it  is  better  to  force  air  into  wells  in  the  former 
gas  sand,  build  up  the  pressure,  and  force  oil  away  rather  than 
toward  the  gas  sand.  When  the  area  of  the  exhausted  gas  sand  is 
not  too  great  this  may  be  readily  accomplished,  but  there  are  some 
pools  which  are  continuous  with  an  exhausted  gas  sand  whose 
capacity  is  so  great  that  it  may  be  impracticable  to  fill  it  even  at  low 
pressures.  Properties  too  close  to  such  areas  of  exhausted  gas  sands 
might  have  trouble  in  using  the  process,  owing  to  the  escape  of  air, 
but  the  movement  of  oil  and  gas  in  the  sand  is  so  hindered  by  f  ric- 
tional  resistance  that  the  process  may  perhaps  be  satisfactorily  used 
fairly  close  to  the  exhausted  gas  sands. 

At  times  it  has  been  foimd  advisable  to  drill  new  wells  on  a  prop- 
erty where  the  old  wells  have  not  been  advantageously  located.  The 
new  wells  may  be  pumped  or  used  as  air  wells  for  which  they  are 
favorably  adapted,  as  the  sand  about  the  hole  will  be  free  from 
])araffin  or  waxy  sediments. 
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UNDEBGROUND  WASTE  OF  AIR. 

Experience  has  shown  that  in  the  use  of  the  process  it  is  necessary 
to  exclude  the  air  from  formations  other  than  the  oil  sand.  Numer- 
ous instances  have  demonstrated  that  if  thi^  is  not  done,  much  air 
may  waste  into  unproductive  strata  and  the  efficiency  of  the  process 
be  reduced  accordingly.  For  this  reason  it  has  become  the  general 
practice  to  pack  the  air  wells  directly  above  the  oil  sand.  Experience 
in  the  gas-producing  business  has  led  to  a  similar  practice  in 
finishing  gas  wells.** 

On  both  the  Dale  and  the  Buck  Run  properties,  which  are  parts  of 
the  historic  Joy  farm,  Morgan  County,  Ohio,  the  writer  witnessed  air 
coming  to  the  surface  in  numerous  places.  Many  wells  drilled  in  the 
early  history  of  the  pool  had  been  abandoned  and  their  locations  lost, 
but  when  the  air  wes  forced  into  the  sand  they  allowed  the  air  to 
reach  the  surface  as  well  as  to  waste  into  other  formations.  During 
the  first  year  the  process  was  used  these  wells  had  to  be  found  and 
plugged.  Through  these  old  holes  the  air  got  access  to  formations 
overlying  the  oil  sand,  spread  through  them,  and  reached  the  surface 
at  low  places  along  the  creek  bottoms.  On  the  Buck  Run  the  air 
bubbled  continuously  from  joint  cracks  in  the  shale  along  the  creek 
bottom.  After  the  old  wells  had  been  searched  out  and  plugged,  this 
escape  of  air  diminished.  At  the  time  of  the  writer's  visit  to  the  Pop- 
lar Ridge  property,  near  Malta,  Ohio,  air  was  still  issuing  from  joint 
cracks  and  coal  seams,  and  through  laminations  in  the  shale.  The 
writer  witnessed  an  instructive  example  of  the  permeability  of  shales 
and  coal  on  this  property.  From  a  well  drilled  on  a  bank  some 
75  feet  above  and  150  feet  distant  from  the  creek  bottom,  the  muddy 
water  used  in  drilling  passed  through  a  thin  streak  of  coal  and 
also  through  a  platy  micaceous  shale  and  showed  in  the  face  of 
the  creek  bank. 

Other  instances  of  air  escaping,  not  witnessed  by  the  writer,  have 
been  reported.  In  one,  the  air  came  to  the  surface  in  numerous 
places  although  there  were  no  old  abandoned  wells  and  the  oil  sand 
was  between  300  and  400  feet  deep.  The  air  did  not  appear  at  the  sur- 
face until  the  process  had  been  in  use  for  over  a  year.  In  another  case 
the  air  passed  through  the  formations  above  the  oil  sand  and  blew  out 
around  the  casing  of  a  well  a  thousand  feet  distant.  The  oil  sand 
is  about  600  feet  deep  on  the  property  and  no  sand  is  reported  above 
it.  On  a  property  in  Pennsylvania  partial  failure  of  the  process 
is  attributed  by  the  user  to  waste  of  air  into  old,  abandoned  wells 
and  into  the  overlying  formations  where  the  air  wells  had  been 
packed  too  high. 

«  McMnrray,  W.  F.,  and  Lewis,  J.  O.,  Underground  wastes  In  oil  and  gas  fields  and 
methods  of  preyentlon :  Tech.  Paper  130,  Bureau  of  Mines,  1916,  28  pp. 
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he  permeability  of  shales  has  generally  been  underestimated. 
y  often  contain  thin  seams  of  sand  or  porous  material,  which,  in 

the  aggregate,  may  have  a 
large  capacity.    Even  shales 
that  contain  no  sandy  layers 
I   may  be  permeable  along  the 
%,  bedding    planes    and    joint 
i.  cracks,  especially  the  hard, 
I    slaty  varieties.     There  are 
I   thousands  of  gas  wells  in 
^   northern   Ohio,   Pennsylva- 
I   nia,  and  New  York,  particu- 
S    larly    along   the   shores   of 
S   Lake  Erie^  whose  production 
is  derived   from   accumula- 
tions of  gas  in  beds  of  this 
character. 

In  the  cases  cited,  the  mi- 
gration of  the  air  was  made 
known  at  the  surface,  but 
large  wastes  may  readily 
take  place  without  surface 
evidence.  Unless  there  is 
definite  proof  that  the  over- 
lying formations  are  not 
permeable,  it  is  advisable 
I  not  to  expose  compressed  air 
^    to  them. 
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^  AIR  PRESSURES  USED. 

6c       On  41  properties  using  the 
f   process,  which  include  1,600 
•g   wells,  the  highest  pressure 
t    used  is  320  pounds ;  the  low- 
-     est,  40  pounds ;  and  the  aver- 
age is  116  pounds.    As  high 
as  600  pounds  has  been  used 
temporarily. 

The  pressures  used  at  the 
present  time  have  not  been 
worked  out  from  a  full  and 
systematic  study  of  all  the 
factors  involved,  and  it  is  not 
to  be  assumed  that  thev  are 
let  the  best  pressures  that  might  be  used.  This  is  a  problem 
ing  more  extended  investigation.    In  the  limited  experimental 
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investigations  conducted  by  the  writer,  it  was  found  that  by  higher 
pressures  the  oil  could  be  expelled  from  the  sand  more  quickly  even 
when  using  smaller  volumes 
of  free  air,  but  that  the  ulti- 
mate extraction  was  ap- 
proximately the  same  as 
with  lower  pressures.  Pres- 
sure thus  appears  to  be  pri- 
marily a  factor  of  time  and 
the  best  pressure  to  be  used 
can  be  gaged  from  the  rela- 
tion between  the  increased 
daily  production  and  the  in- 
creased operating  costs  or 
difficulties.  In  field  practice 
each  case  will  show  a  com- 
plexity of  elements  often 
conflicting  that  must  be  con- 
sidered, sueh  as  by-passing, 
effect  on  the  quality  of  the 
gas,  wastes  of  air,  use  of 
regulated  back  pressures, 
etc.,  so  that  a  study  of  the 
special  conditions  on  each 
property  will  be  necessary, 
as  well  as  an  imderstanding 
of  the  general  principles  in- 
volved. 

The  pressures  used  have 
little  relation  to  the  depths 
of  the  wells,  but  are  inti- 
mately related  to  the  char- 
acter of  the  oil  sands,  as  is 
shown  in  figures  8  and  9  and 
Table  4.  Coarse  porous 
sands  like  the  First  Cow 
Run  take  the  lowest  pres- 
sures, whereas  fine,  tight,  or 
slaty  sands  require  pres- 
sures much  higher.  A  large 
number  of  the  properties 
operating  the  Smith-Dunn 
or  Marietta  process  are 
producing  from  the  First 
Cow  Eun  sand  in  the  shal- 
low pools  of  southeastern  Ohio  and  adjacent  parts  of  West  Virginia, 
where  the  deep  sands  are  generally  of  a  tighter  nature.    Where  the 
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deep  sands  are' coarse  and  porous,  low  pressures  can  be  used,  and 
where  the  shallow  sands  are  tight,  high  pressures  are  required.  For 
example,  wells  in  the  Keener  sand  in  Tyler  County,  W.  Va.  (prop- 
erty No.  40,  Table  4),  are  reported  to  use  a  pressure  of  only  50 
pounds,  although  1,700  to  2,500  feet  deep,  whereas  wells  in  the  Peeker 
sand  (property  No.  11,  Table  4),  in  Ohio,  require  a  pressure  of  240 
pounds  at  a  depth  of  300  to  400  feet.  Originally  the  deeper  sands 
had  the  higher  rock  pressures,  but  during  the  lives  of  the  wells  the 
gas  was  dissipated  until  the  pressure  was  no  greater  than  in  shallow 
sands  by  the  time  the  Marietta  process  was  started.  As  the  deeper 
sands  originally  contained  the  higher  pressures,  less  oil  may  have 
been  left  in  the  sand,  and  it  is  possible  this  may  influence  the  neces- 
sary pressures  somewhat. 

The  pressure  necessary  will  also  depend  upon  the  quantity  of  air 
being  forced  into  the  sand,  for  if  it  is  attempted  to  increase  the 
quantity  of  air,  the  pressure  must  be  increased  correspondingly. 
For  this  reason  increasing  the  number  of  air  wells  often  allows  a  re- 
duction in  necessary  pressure.  This  is  illustrated  by  a  property 
producing  from  the  Peeker  sand.  There  were  93  wells  on  the  prop- 
erty (No.  11,  Table  4),  32  of  which  were  air  wells,  and  the  pressure 
used  was  270  pounds,  but  when  5  air  wells  were  started  on  an  adjoin- 
ing property  only  240  pounds  was  required. 

The  character  and  distribution  of  the  contents  of  the  sand  likewise 
affect  the  resistance  to  movement,  and  hence  affect  the  required 
pressure.  An  exhausted  oil  sand,  or  one  containing  gas  at  low  pres- 
sure, will  offer  much  less  resistance  than  one  saturated  with  oil  or 
water,  provided  the  texture  of  the  sand  is  the  same.  A  fully  satu- 
rated sand  requires  more  pressure  than  one  largely  drained  as  shown 
experimentally,  and  one  containing  water  requires  less  pressure  than 
oil,  as  the  frictional  resistance  is  less.  However,  it  may  be  necessary 
to  use  large  volumes  of  air  to  get  results  where  there  is  less  oil,  and 
hence  higher  pressures.  The  required  pressure  varies  from  well  to 
well,  and  from  property  to  property,  in  accordance  with  conditions  at 
each  locality.  Often  two  adjacent  wells  producing  from  the  same 
sand  wiU  show  wide  variations.  For  example,  it  is  reported  that  of 
two  adjacent  wells,  one  took  the  full  capacity  of  a  testing  plant  at  40 
pounds,  whereas  the  other  required  150  pounds. 

The  pressures  used  are  not  constant  and  will  vary  throughout  the 
life  of  the  property.  It  is  often  found  advisable  to  change  the  pres- 
sures, as  imderground  conditions  change  because  gi  the  removal  of 
oil.  It  is  likely  that  greater  pressures  will  be  required  as  the  process 
continues  to  be  used,  especially  as  back  pressures  may  be  used  on 
the  pumping  wells,  and  hence  correspondingly  higher  pressures  must 
be  used  at  the  air  wells.  The  movement  of  the  air  through  the  sand 
is  caused  by  differratial  pressure,  and  whenever  back  pressures  are 
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maintained  at  the  producing  wells,  the  pressure  at  the  air  well  should 
be  increased  also.  If  there  is  still  natural  pressure  from  gas  in  the 
sand,  higher  pressures  will  be  required.  For  example,  if  the  natural 
pressure  is  still  50  pounds,  a  pressure  greater  than  50  pounds  must 
be  used  at  the  air  well  to  get  results. 

There  is  always  a  minimum  pressure  below  which  the  oil  sand  will 
take  but  little  air,  or  not  enough  to  appreciably  increase  production. 
There  is  also  a  maximum  pressure  which  can  not  be  exceeded  with- 
out enlarging  or  increasing  the  efficiency  of  the  compressor  plant  or 
the  conditions  of  operation.  This  maximimi  pressure  shows  that  a 
balance  has  been  reached  between  the  volume  of  air  being  forced 
into  the  sand  at  that  pressure,  the  volume  of  air  issuing  from  the 
pumping  wells  or  being  wasted  undergroxmd,  and  the  frictional 
resistance  in  the  oil  sand.  By  enlarging  the  capacity  of  the  plant 
or  by  reducing  waste  of  air  and  gas  at  the  pumping  wells  and  under- 
ground or  by  maintaining  back  pressures  in  the  pumping  wells,  the 
maximum  pressure  may  be  increased. 

In  practice  the  preliminary  tests  indicate  approximately  what  pres- 
sures will  be  required  to  force  certain  volumes  of  air  into  the  sand. 
After  the  process  has  been  put  into  actual  operation  it  is  determined 
experimentally  what  pressures  and  volumes  are  most  efficient.  In 
general,  more  oil  can  be  recovered  by  increasing  the  volume  and  pres- 
sure, although  some  operators  report  that  this  is  likely  to  cause  by- 
passing and  waste  of  air.  The  best  practice  seems  to  be  to  build  up 
the  pressure,  gradually  noting  the  effects  on  production,  and  in  this 
way  determine  the  maximum  efficiency  from  both  the  increase  of 
production  and  the  costs  of  operation. 

Very  often  the  pressure  can  be  reduced  after  beginning  the  process, 
it  having  been  found  that  in  many  instances  the  sand  will  take  the 
air  more  readily  after  movement  through  the  sand  has  started. 
One  producer  in  West  Virginia  reports  that  a  pressure  of  600  pounds 
was  necessary  at  the  start,  but  later  200  pounds  was  sufficient.  This 
is  an  extreme  instance,  for  usually  any  reduction  of  pressure  reported 
is  comparatively  much  less.  In  the  later  life  of  the  properties  it 
may  be  necessary  to  increase  pressures  once  more. 

There  is  always  a  loss  in  pressure  between  the  compressor  and 
the  air  well  which  should  not  be  more  than  a  few  pounds  if  the 
fittings  are  tight,  the  pipe  not  too  small,  or  the  air  lines  too  long. 
In  the  oil  sand  there  is  a  considerable  loss  in  pressure  between  the 
air  wells  and  pumping  wells,  but  if  the  latter  are  closed  in,  the 
pressure  in  time  will  build  up.  There  are  few  records  of  closed-in 
pressures  in  pumping  wells.  On  a  property  where  the  pressure 
used  was  300  pounds  a  pumping  well  showed  a  closed-in  pressure 
of  80  pounds  within  an  hour.  When  the  process  is  stopped,  the 
pressure  quickly  reduces  at  first  and  then  more  and  more  slowly. 
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On  a  property  at  Bradford,  Pa.,  where  a  pressure  of  80  pounds 
had  been  in  use,  and  the  production  had  been  increased  about  seven 
times,  production  returned  to  normal  in  three  months'  time  after 
the  input  of  air  was  stopped.  On  a  property  using  a  pressure  of 
240  pounds  the  pressure  dropped  to  145  pounds  in  four  days  after 
stopping  the  air.  The  curve  in  figure  10  is  plotted  from  a  gage 
record  on  an  air  well  (on  property  No.  6,  Table  4)  and  shows  how 
the  pressure  in  the  air  well  dropped  after  the  pumping  of  air  was 
stopped,  the  closed-in  pressure  of  the  oil  wells  on  the  property  being 
about  30  pounds. 
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FiouBB  10. — Curve  showing  the  declines  of  pressure  in  an  air  well  after  stopping  the 
input  of  air.  Plotted  from  recording  gage  chart  on  property  No.  6,  Table  4.  The 
decline  representR  the  equalization  of  pre8sure  in  the  air  well  and  the  closed-in 
pressure  of  the  oil  wells,  which  was  about  80  pounds. 

To  overcome  the  different  rates  at  which  different  parts  of  the 
oil  sand  in  a  property  take  air  because  of  the  variations  in  the 
nature  of  the  sand,  two  methods  are  possible.  One  is  to  regulate 
the  pressure  at  the  intake — ^that  is,  at  the  air  wells — ^the  other,  at  the 
producing  wells  where  the  air  escapes.  The  latter  method,  which  is 
thought  to  contain  the  best  principles,  is  described  elsewhere.  The 
pressures  at  air  wells  taking  air  too  readily  can  be  regulated  hy 
reducing  valves  in  the  air  lines  or  by  having  two  systems  of  air 
lines  carrying  different  pressures.  This  can  be  done  when  there 
are  two  compressors  on  the  property  working  at  different  pres- 
sures or  by  having  the  two  cylinders  of  a  two-stage  compressor  de- 
liver air  at  different  pressures.  The  purpose  of  regulating  the 
ressures  at  the  air  well  is  to  more  nearly  equalize  the  volume 
nd  energy  delivered  to  the  sand  at  different  parts  of  the  property. 
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otherwise  one  part  of  the  property  may  receive  little  air  and  be 
practically  unaffected.  In  regulating  the  pressures  at  the  air  wells 
some  mechanical  difficulties  are  encountered,  and  this  method  is  not 
considered  to  be  as  efficient  as  regulating  the  pressures  at  the  pro- 
ducing wells  and  is  seldom  used. 

VOLUMES   OF   AIR    USED. 

On  an  average  about  10,000  cubic  feet  of  free  air  is  used  per  well 
daily;  that  is,  30,000  cubic  feet  of  air  is  forced  into  an  air  well 
daily  on  a  property  where  the  proportion  is  one  air  well  to  two 
pumping  wells  and  40,000  cubic  feet  daily  where  the  proportion  is 
one  air  well  to  three  pumping  wells.  The  minimum  is  about  5,000 
cubic  feet  of  air  per  well  daily  and  the  maximum  about  20,000  cubic 
feet.  Where  the  pressures  are  low,  larger  volumes  are  used,  and 
where  the  pressures  are  high  the  volumes  are  small.  In  thick,  open- 
textured  sands,  or  sands  subject  to  by-passing,  the  volumes  will  be 
large ;  whereas  in  tight  sand  high  pressures  and  small  volumes  will 
be  used.  The  operator  may  largely  control  the  volume  of  air  by 
changing  the  horsepower  used  per  well.    . 

As  brought  out  experimentally,  larger  and  larger  volumes  of  air 
will  be  required  to  expel  each  additional  barrel  of  oil  from  the  sand, 
consequently  with  the  continued  extraction  of  the  oil,  the  cubic  feet 
of  free  air  necessary  on  the  property  will  be  increased.  As  with  the 
pressures,  it  is  by  no  means  certain  that  the  present  practice  in  regard 
to  volumes  of  air  used  are  the  best  possible,  and  hence  further  in- 
vestigations may  show  that  the  figures  cited  do  not  represent  the 
greatest  possible  efficiency  even  for  the  districts  where  used ;  further- 
more, it  is  probable  that  outside  of  the  Appalachian  field  greater 
volumes  will  be  required,  which  may  be  gaged  roughly  by  the  com- 
parative quantity  of  oil  that  has  been  produced  per  acre  of  oil  land. 

POWER   REQUIRED. 

The  energy  used  in  practice  appears  to  be  much  the  same  for  the 
different  pressures  and  volumes  used,  and  consequently  for  the 
different  kinds  of  oil  sands,  as  is  shown  by  figure  9  on  page  53. 
According  to  the  limited  data  on  which  this  figure  is  based,  there  is 
some  evidence  that  the  moderate  pressures  may  require  more  horse- 
power per  well,  and  hence  more  energy  than  for  the  higher  pressures 
and  tighter  sands.  But  the  data  are  too  few  at  this  time  to  estab- 
lish general  conclusions,  and  possibly  future  experience  may  alter 
the  practice. 

If  the  conclusions  indicated  by  figure  9  can  be  accepted  they  show 
that  the  energy  or  horsepower  required  per  well  will  not  depend  on 
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the  character  of  the  sand  so  much  as  upon  other  factors.  In  tight 
sands  the  pressures  are  increased,  but  the  volumes  are  decreased 
correspondingly,  as  is  indicated  in  the  figure,  so  that  a  smaller  volume 
of  air  suffices.  The  resistance  is  undoubtedly  greater  in  the  tight 
sand,  but  this  may  be  largely  compensated  by  greater  efficiency  of 
expulsion,  for  in  the  open  sands  the  energy  is  more  likely  to  be  wasted 
by  the  air  slipping  through  parts  of  the  sand  without  doing  worL 
This  indicates  that  the  energy  or  horsepower  required  per  well  de- 
pends more  on  the  thickness  and  degree  of  saturation  of  the  sand, 
the  wastage  of  air,  and  what  has  been  termed  the  "  efficiency  of  ex- 
pulsion," or  proportion  of  energy  actually  expended  in  moving  oil 
For  the  same  kind  of  sand  and  for  conditions  otherwise  similar  an 
oil  sand  20  feet  thick  would  require  twice  the  volume  of  air  to 
maintain  the  same  pressure  as  a  sand  10  feet  thick,  and  consequently 
twice  the  horsepower  per  well.  The  wastage  of  air  and  pressure  in 
the  plant  or  the  waste  of  air  underground  through  improperly 
finished  wells  or  by  escape  to  other  properties  will  likewise  necessitate 
the  use  of  more  power,  as  will  by-passing  and  other  forms  of  inef- 
ficiency within  the  oil  sand  which  reduce  the  proportion  of  the 
energy  actually  expended  in  moving  the  oil. 

The  results  shown  in  figure  9  are  based  upon  the  rated  horsepower 
of  plants  in  actual  use.  In  all  probability  many  of  the  plants  are 
unnecessarily  large,  whereas  others  are  inadequate  in  size.  Further- 
more, the  actual  delivery  is  seldom  the  same  as  the  rated  horsepower, 
and  in  practice  many  plants  fall  far  below  the  rated  power,  owing 
to  inefficiency  in  both  the  compressor  and  the  gas  engine. 

HOW  THE  AIR  MOVES  THP  OIL. 

The  three  physical  principles  upon  which  the  compressed  air 
moves  the  oil  through  the  sand  are,  first,  by  direct  pressure ;  seccmd, 
by  the  air  going  into  solution  under  pressure  near  the  air  wells  and 
later  expanding  near  the  pumping  wells;  third,  by  the  carrying  of 
vapors. 

Many  producers  believe  that  the  air  displaces  the  oil  and  pushes  it 
ahead  in  a  solid  body  in  the  same  way  that  a  body  of  oil  appears  to  be 
collected  and  driven  ahead  of  a  "  water  drive  "  in  the  Bradford  field. 
At  Bradford  a  well  in  the  path  of  an  approaching  flood  gives  no  indi- 
cation of  the  proximity  of  the  flood  until  it  nearly  reaches  the  well, 
although  it  may  be  very  close,  as  shown  by  figures  27  and  28,  printed 
on  page  98.  The  production  of  oil  suddenly  increases  and  is  main- 
tained for  a  variable  period,  after  which  the  volmne  of  water  in- 
creases quickly  and  ends  the  life  of  the  well.  In  the  Smith-Dunn 
process  the  air  reaches  the  well  first  and  is  followed  by  an  increase  of 
production,  which  takes  a  few  months  to  several  years  to  reach  ft 
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maximum,  and  during  the  time  the  process  is  used  air  is  passing 
through  the  sand  continuously.  In  the  groups  of  wells  in  the  Brad- 
ford field  (see  fig.  32,  p.  115)  around  an  air  well,  wells  7  and  8,  respec- 
tively 1,500  and  2,150  feet  from  the  air  well,  were  affected  to  the 
extent  of  having  26  and  10  per  cent  of  air  in  the  gas,  yet  the  oil  pro- 
duction remained  unaffected  though  the  production  of  closer  wells 
was  increased  ninefold.  These  facts  show  that  there  is  no  "air 
drive  "  comparable  to  a  "  water  drive ''  and  in  the  sense  meant  by  the 
producers  mentioned  and  that  the  air  does  not  work  solely  on  the  dis- 
placement prmciple. 

The  writer's  theory  is  that  the  oil  is  probably  worked  into  a  froth 
by  the  air,  and  bubbles  are  continually  forming  and  breaking  in 
the  pores  of  the  sand,  all  the  time  moving  with  the  air  toward  the 
pumping  wells.    This  condition  is  indicated  by  experiments. 

ENERGY   UniilZED    IN    MOVING    OIL. 

In  passing  through  the  oil  sand  the  full  energy  of  the  compressed 
air  is  not  expended  in  actually  moving  oil.  Some  of  the  energy  is 
used  in  overcoming  the  frictional  resistance  in  the  sand,  and  much 
of  it  is  wasted,  the  air  slipping  through  the  sand  without  moving 
oil.  This  waste  of  energy  is  comparable  to  slippage  in  an  "  air-lift " 
for  pumping  oil  or  water.  It  is  "  by-passing  "  on  a  small  scale  and 
will  be  greatest  in  a  coarse  open  sand  or  with  a  light  oil  of  low  vis- 
cosity and  increases  enormously  with  the  progressive  extraction  of  the 
oil  from  the  sand;  consequently,  although  the  frictional  resistance 
will  be  higher  in  a  fine,  tight  sand,  or  with  heavy,  viscous  oil,  the 
waste  of  energy  will  be  less  and  the  actual  proportion  expended  in 
moving  the  oil  may  be  but  little  more.  This  is  suggested  by  figure 
9,  which  indicates,  so  far  as  the  limited  data  permit  conclusions,  that 
no  more  energy  has  been  required  for  tight  sands  using  high  pressures 
than  for  open  sands  using  low  pressures,  and  is  also  indicated  in 
experiments. 

The  proportion  of  energy  actually  expended  in  moving  oil  may, 
as  was  previously  stated,  be  conveniently  referred  to  as  the  "effi- 
ciency of  expulsion."  When  the  sand  is  full  of  oil,  the  efficiency 
will  be  high ;  but  it  will  become  less  and  less  as  the  sand  is  depleted, 
because  the  slippage  will  increase.  It  may  be  expected  that  the 
efficiency  of  expulsion  will  decrease  with  time  as  the  oil  is  removed, 
in  accordance  with  experimental  results.  This  loss  of  efficiency  can 
be  combatted  by  increasing  the  volimie  of  the  air  passing  through 
the  sand,  or  possibly  by  alternately  building  up  and  releasing  the 
pressure.  By  increasing  the  volume,  the  air  is  forced  into  new 
passages  through  the  pores  of  the  sand  not  affected  previously. 
By  building  up  the  pressures  it  is  expected  that  the  oil  in  the 
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tighter  parts  of  the  sand  will  absorb  and  become  charged  with 
compressed  air;  and  when  the  pressure  is  released  the  air  will  expand 
and  force  this  oil  in  the  direction  of  the  pimiping  well  or  toward 
the  air  passages  and  lines  of  least  resistance  in  the  formation,  where 
the  pressure  will  be  reduced  most  rapidly.  An  intermittent  build- 
ing up  and  releasing  of  pressures  would  tend  to  cause  the  oil  to  move 
toward  the  air  passages  and  diminish  "  by-passing  "  and  loss  of  effi- 
ciency. It  is  probable  that  the  decline  in  production  shown  by  some 
of  the  properties  using  the  air  process  (see  production  curves  on  pp. 
68  to  74)  represents  loss  in  efficiency  of  expulsion  more  than  depletion 
of  the  oil. 

TENDENCY    TO    FOLLOW    CHANNELS    OP    LEAST    RESISTANCE. 

The  passage  of  the  air  through  the  oil  sands,  as  previously  stated, 
is  along  the  shortest  lines  of  least  resistance  between  the  air  wells 
and  the  pumping  wells.  If  the  sand  were  imiform  in  character 
the  air  would  travel  directly  from  an  air  well  to  each  of  the  adja- 
cent pimiping  wells  through  a  comparatively  narrow  passage,  leav- 
ing a  large  part  of  the  sand  body  practically  unaffected,  but  the 
variations  in  the  character  of  the  sand  cause  the  air  to  travel 
through  irregular  and  devious  channels.  In  numerous  instances, 
pumping  wells  on  one  side  of  an  air  well  have  remained  practically 
unaffected,  while  the  air  traveled  through  i*oundabout  channels  and 
reached  wells  in  most  unexpected  places.  By-passing  is  also  a 
common  phenomenon,  the  air  following  a  former  gas-bearing 
stratum,  or  the  nearest  exhausted,  coarsest  and  most  porous  layer  in 
the  oil  sand.  The  by-passing  channels  may  take  all  the  air  that  the 
plant  can  deliver  so  that  very  little  enters  the  other  parts  of  the  sand. 
This  tendency  to  follow  channels,  that  are  likely  to  constitute  but  a 
minor  part  of  the  sand  body,  will  be  the  most  serious  problem  to 
overcome  in  the  later  life  of  all  properties.  Even  if  by-passing  does 
not  cause  trouble  when  the  process  is  first  started,  eventually  the  oil 
will  be  expelled  from  the  channels  of  least  resistance,  and  by-passing 
established.  This  has  occurred  many  times  in  practice,  and  welLs 
which  gave  good  response  at  first  have  "blown  through,"  the  pro- 
duction decreasing  at  the  same  time.  If  reliance  had  to  be  placed 
solely  upon  the  driving  power  and  the  direct  pressure  of  the  air,  the 
only  recourse  for  the  producer  in  such  a  case  would  be  to  increase  the 
volume  and  the  pressure  of  the  air  going  into  the  sand  so  as  to  force 
the  air  to  enlarge  the  channels  and  thus  affect  a  larger  part  of  the 
Fand  body.  This  would  become  more  and  more  difficult  to  accomplish^ 
and  sooner  or  later  the  practical  limits  would  be  reached,  although  a 
ast  quantity  of  oil  might  remain  in  the  rest  of  the  sand. 
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PRINCIPLE  OF  SOLUBILITy  OF  GASES  IN   OIL. 

Because  of  the  solubility  of  gases  under  pressure  and  their  later 
expansion  upon  release  of  pressure,  it  becomes  possible  to  affect  the 
oil  in  all  parts  of  the  sand.  The  air  is  absorbed  by  the  oil  at  the 
points  of  high  pressure  near  the  air  wells,  and  moves  through  the  oil 
toward  points  of  low  pressure  in  the  same  way  that  the  gas,  origi- 
nally dissolved  in  the  oil,  flowed  toward  the  wells  when  they  pene- 
trated the  oil  sand.  It  thus  becomes  possible  to  recharge  the  sand 
so  that  the  oil,  regardless  of  its  location,  is  stored  with  energy  once 
more.  This  offers  a  solution  for  the  problems  arising  from  the 
variations  in  the  sand  body  and  the  tendency  of  the  air  to  follow 
the  channels  of  least  resistance. 

OIL  IN   TIGHTER  PARTS  OF  SAND. 

It  is  often  contended  that  the  tighter  parts  of  the  sand  contain 
only  a  negligible  quantity  of  the  oil  and  that  practically  all  the 
production  is  derived  from  the  thin  pay  streaks.  The  author  does 
not  hold  to  this  view,  for  although  the  greatest  production  may  have 
come  from  the  pay  streaks,  especially  during  the  early  life  of  the 
well,  the  amount  of  oil  held  in  the  other  parts  of  the  sand,  when 
the  property  has  become  so  depleted  that  the  air  process  is  necessary, 
may  be  relatively  many  times  more.  Just  as  a  tight-sand  well  comes 
in  at  a  lower  production,  but  holds  up  better  than  an  open-sand 
well,  so  in  the  later  life  of  a  well  with  a  thin  pay  streak  it  may 
be  the  tighter  parts  of  the  sand  that  yield  most  of  the  production. 
It  is  often  reported  that  in  shooting  old  wells  greater  response  is 
gotten  from  the  tighter  parts  of  the  sand.  The  rich  pay  streak  is 
apt  to  represent  but  a  small  part  of  the  total  thickness  of  the  sand, 
often  but  2  or  3  feet  in  a  bed  ten  or  more  times  thicker,  so  that 
although  the  porosity  of  the  pay  streak  may  be  greater  than  the  rest 
of  the  sand  the  total  oil  content  may  be  much  less. 

ALTERNATE    CHARGING    AND    DISCHARGING    OF    WELLS. 

A  test  which  has  been  made  repeatedly  is  to  force  air  or  gas  into 
a  well  for  a  time  and  then  to  release  the  pressure.  The  air  or  gas 
usually  comes  back  with  much  vigor ;  at  first  it  may  be  entirely  free 
from  oil,  later  it  will  show  oil  vapors,  and  at  last,  in  most  wells  so 
treated,  oil  is  brought  back  in  considerable  quantities.  Sometimes 
oil  appears  within  a  short  time  after  the  pressure  i$  released,  at 
other  times  it  may  take  several  days,  and  occasionally  a  long  tiftie 
for  the  oil  to  come  back.  The  writer  witnessed  one  instance  in 
which  a  well,  into  which  air  had  been  forced  for  over  a  year,  within 
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an  hour  after  the  pressure  had  been  released  was  spraying  oil.  In 
some  instances  wells  have  flowed  oil  with  the  return  of  the  air  on  re- 
lease of  the  pressure.  This  seems  to  be  direct  proof  that  the  air  is  not 
acting  solely  as  a  driving  force,  but  has  gone  into  solution  in  the  oil 
and  upon  the  release  of  pressure  at  the  air  weU  expands  and  expels 
the  oil  just  the  same  as  when  the  well  was  first  drilled  into  the  sand 
and  the  oil  was  charged  with  natural  gas.  On  one  property  near 
Marietta,  Ohio,  so  small  that  elaborate  equipment  is  not  warranted, 
production  is  6uccessfuUy  obtamed  by  alternately  charging  and  dis^ 
charging  the  wells. 

USE   OF   BACK  PBB8SUBB8. 

The  use  of  regulated  back  pressures  is  based  upon  the  principle 
of  charging  the  oil  with  air  under  pressure  as  well  as  overcoming 
the  differential  movements  of  oil  through  the  tight  and  open  parts 
of  the  sand:  It  is  the  writer's  belief  that  this  principle  will  have 
to  be  resorted  to  more  and  more  in  the  later  life  of  the  property  in 
order  to  obtain  the  oil  from  parts  off  of  the  channels  of  migration  or 
pocketed  in  the  sand.  By  alternately  charging  the  oil  with  com- 
pressed air  and  releasing  the  pressure  the  field  would  go  through 
a  series  of  producing  stages,  as  has  been  accomplished  experimentally. 
If  the  field  were  shut  in  and  the  pressure  built  up  until  all  the  pores 
of  the  sand  were  filled  with  air  at  high  pressure,  and  all  the  oil  was 
charged  with  air,  it  is  to  be  expected  that  when  the  pressure  was 
released  the  conduct  of  the  field  would  be  similar  to  what  it  was  when 
first  opened  up.  The  productions,  of  course,  would  be  relatively 
smaller  and  the  exhaustion  relatively  faster,  but  after  the  air  had 
been  expelled  the  sand  could  be  charged  again  with  air  and  the 
process  repeated. 

To  date  the  only  special  applications  made  of  the  principle  of  the 
solubility  of  air  under  pressure  in  oil  have  been  by  building  up  the 
pressure  in  one  well  and  later  releasing  it,  or  by  carrying  regulated 
back  pressures  on  a  few  troublesome  wells.  The  stage  has  not  been 
reached  on  any  property  where  it  has  become  necessary  to  charge 
and  discharge  all  the  wells  on  the  property  in  the  manner  consid- 
ered. The  practical  operation  of  the  process  has  not  been  suffi- 
ciently developed,  but  it  is  believed  that  in  the  future  the  producers 
will  have  to  rely  on  this  principle  more  and  more,  and  practical 
methods  of  applying  it  will  have  to  be  worked  out.  It  may  be  prac- 
tical on  a  large  property  to  alternately  charge  one  group  of  wells 
while  the  otlur  wells  are  producing,  or  by  maintaining  back  pres- 
sures on  all  the  pumping  wells  and  using  a  correspondingly  higher 

'assure  on  the  air  wells  so  as  to  get  the  same  differential  pressure 
ween  air  and  pumping  wells  it  may  be  practical  to  charge  a  sand 
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while  production  is  maintained,  and  at  intervals  the  pressure  can 
be  released.  For  example,  in  a  property  using  an  air  pressure  of 
100  pounds  back  pressures  on  the  pmnping  wells  could  be  raised 
gradually  to  100  pounds,  while  the  pressure  at  the  air  wells  was 
increased  to  200  pounds,  and  this  pressure  maintained  until  the  oper- 
ator was  satisfied  that  all  of  the  oil  sand  was  charged.  By  discon- 
tinuing the  back  pressures  the  air  in  the  sand  at  pressures  of  100 
to  200  poimds  would  be  released  and  would  start  the  oil  moving 
from  all  parts  of  the  sand  toward  the  pumping  wells.  To  apply 
such  a  method,  however,  on  a  small  property  might  not  be  practical 
except  with  the  cooperation  of  neighboring  producers. 

CHARACTER  OF  THE  GAS  FROM  THE  WELLS. 

The  analyses  of  the  air-gas  from  oil  wells  where  the  process  is 
used,  given  on  page  80,  show  that  it  contains  appreciable  quantities 
of  gasoline  vapors.  Theoretically  it  might  be  possible  to  vaporize 
and  remove  the  lighter  fraction,  even  from  the  oil  wetting  the  sand 
grains,  by  passing  air  through  continuously,  which  has  been  accom- 
plished experimentally.  It  is  interesting  to  note  this  was  attempted 
in  1894  in  parts  of  the  Trenton  limestone  pools  of  Indiana  and 
northwestei:n  Ohio."  The  principle  is  of  practical  importance,  since 
it  causes  the  enrichment  of  the  air-gas  which  must  be  used  for  raising 
power.  On  some  properties  there  is  an  excess  of  air-gas  rich  enough 
for  extracting  gasoline,  and  by  the  absorption  process  for  extracting 
gasoline  from  natural  gas  this  may  become  a  profitable  source  of 
revenue  in  the  future. 

"BY-PASSING"  AND  "BLOWING  THBOUGH." 

"  By-passing "  and  "  blowing  through "  of  air  are  two  of  the 
greatest  difficulties  to  be  overcome  in  the  successful  use  of  the 
Smith-Dunn  or  Marietta  process.  By-passing  is  where  the  air  takes 
the  line  of  least  resistance,  usually  along  the  top  of  the  oil  sand 
through  a  former  gas  stratum  or  a  drained  part  of  the  sand.  Blow- 
Tng  through  is  where  the  air  removes  most  of  the  oil  from  the  most 
porous  part  of  the  oil  sand  and  establishes  by-passing. 

Blowing  through  does  not  make  itself  evident  when  the  process 
is  first  started.  A  well  will  be  producing  much  oil  and  very  likely 
be  one  of  the  best  wells  on  the  property,  when  a  considerable  increase 
in  the  quantity  of  air  wasted  will  come  about,  showing  that  the  most 
porous  part  of  the  sand,  which  is  generally  the  former  pay  streak, 
has  been  cleared  of  oil  and  is  letting  the  air  pass  through  with  little 
restriction.    The  yield  of  oil  generally  decreases,  and  the  well  will 

"  Jordan,  B.  T.  J..  Report  of  State  supervlRor  on  natural  gas :  19th  Annual  Report, 
Dept.  of  Qeol.  and  Nat.  Resources  of  Indiana,  1894,  pp.  184-136. 
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become  of  little  value  as  a  producer,  while  it  wastes  so  much  air 
that  it  will  seriously  affect  the  production  of  the  whole  property. 
It  may  take  several  months  or  even  several  years  before  a  well  will 
blow  through.  It  may  be  expected  that  in  course  of  time  most  of  the 
wells  will  be  subject  to  this  trouble  to  some  extent,  and  if  there  were 
no  way  of  overcoming  this  difficulty  the  compressor  plants  would  have 
to  be  enlarged  continuously,  as  first  the  most  porous  layers  and  then 
the  next  most  porous  layers  were  blown  through  in  succession  until 
it  became  impracticable  to  enlarge  the  capacity  of  the  plant  further. 
It  is  thought  that  blowing  through  is  one  of  the  causes  of  the  decline 
in  production  of  some  of  the  properties  using  the  air  process  longest, 
and  Messrs.  Smith  and  Dunn  report  that  they  have  favorably  in- 
fluenced production  on  properties  so  affected  by  taking  means  for 
overcoming  this  difficulty. 

By-passing  becomes  evident  soon  after  the  process  has  started. 
The  effect  is  the  same  as  in  blowing  through.  Energy  is  wasted, 
for  the  air  passes  through  the  sand  without  doing  work,  and  so  much 
air  may  escape  at  the  pumping  wells  subject  to  by-passing  that  it 
will  seriously  affect  the  success  of  the  process.  Practically  all  the 
air  forced  into  the  sand  may  be  diverted  through  these  by-pass  chan- 
nels so  that  the  parts  of  the  oil  sand  containing  the  most  oil  may 
receive  no  benefit  Not  only  is  the  oil  production  affected,  but  the 
gas  becomes  lean  and  may  be  made  unfit  for  use.  Lean  gas  on  any 
property  at  the  present  time  is,  because  of  the  comparatively  recent 
date  of  introducing  the  process,  an  indication  that  the  air  is  not 
coming  into  contact  with  oil  and  is  not  doing  its  full  quota  of  work. 

The  simplest  method  of  overcoming  this  trouble  is  to  shut  the 
well  in  or  to  change  it  into  an  air  well,  and  frequently  it  becomes 
necessary  to  make  these  changes  after  the  process  has  been  started, 
for  it  is  better  to  sacrifice  a  small  producer  than  to  permit  the  escape 
of  too  much  air,  as  by  so  doing  the  production  of  the  other  wells  is 
affected.  Another  method  which  limited  use  indicates  will  be  suc- 
cessful is  to  use  regulated  back  pressures  as  outlined  elsewhere  in 
this  paper.  Sometimes  it  is  possible  to  pack  or  case  off  the  by-pass 
part  from  the  rest  of  the  oil  sand  in  a  new  well  that  has  not  been  shot. 

USE  OF  BEGXJLATED  BACK  PBESSUBES. 

The  principles  of  maintaining  back  pressures  on  pumping  wells 
have  been  discussed  previously.  This  method  is  used  for  overcoming 
the  difficulties  caused  by  the  irregular  character  of  the  oil  sand,  by 
which  the  variations  in  frictional  resistance  in  different  parts  of  the 
sand  are  more  nearly  equalized  by  holding  pressures  on  those  wells 
where  the  resistance  in  the  sand  is  slight.  The  excessive  escape  of  air 
from  wells  subject  to  by-passing  is  prevented,  so  that  the  air  is  dis- 
tributed more  evenly  over  the  property  and  is  made  to  do  more  work. 
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The  othen  piinciple  upoin  wjhich  the  use  of  back  pressures  is  based  is  the 
building  up  of  pressure  in  the  whole  area  drained  by  the  wells  until 
the  oil  in  all  parts  of  the  sand  is  charged  with  compressed  air,  so 
that  when  the  pressure  is  released  the  oil  will  be  expelled  by  the  ex- 
panding air  from  the  tighter  parts  of  the  sand. 

The  use  of  regulated  back  pressures  is  a  more  recent  development 
in  the  Smith-Dunn  or  Marietta  process,  and  although  they  have  not 
yet  been  used  extensively,  the  results  are  encouraging,  so  that  it 
seems  likely  that  they  will  be  used  extensively  in  the  future.  Wells 
which  formerly  wasted  large  volumes  of  air  have  been  controlled 
and  made  good  producers.  In  one  instance  the  escape  of  gas  has 
lieen  reduced  from  several  hundred  thousand  cubic  feet  daily  to  the 
average  amount,  the  rest  of  the  wells  on  the  property  being  corre- 
spondingly benefited. 

The  simplest  method  of  maintaining  back  pressure  in  a  well  is  to 
regulate  the  escape  of  air-gas  from  the  casing  head.  A  reducing  valve 
38  placed  on  the  air-gas  line  and  is  regulated  until  the  excessive  escape 
of  air-gas  is  reduced  to  the  average  for  the  rest  of  the  wells  on  the 
property.  The  back  pressure  necessary  will  vary  with  every  change 
of  conditions  and  must  be  determined  experimentally,  though  by 
closing  in  the  well  and  noting  the  pressure  a  good  index  of  the  back 
pressure  required  will  be  obtained,  which  should  be  nearly  the  same 
as  the  pressure  of  the  well  when  closed  in.  Maintaining  back  pres- 
sure by  this  method  in  a  pumping  well  is  apt  to  decrease  the  yield 
somewhat  in  the  same  way  that  production  is  usually  decreased  when 
back  pressures  are  held  on  flowing  oil  wells,  but  this  is  more  than 
compensated  by  the  beneficial  effect  on  the  other  pumping  wells,  for 
the  air  that  formerly  had  passed  through  the  sand  without  expending 
much  of  its  energy  in  moving  oil  is  now  forced  into  other  parts  of 
the  oil  sand  and  made  to  do  more  work. 

Another  method  that  has  been  used  to  maintain  back  pressures  is 
shown  in  figure  4,  on  page  45,  and  is  called  maintaining  "  fluid  back 
pressure."  In  this  method  a  liner  perforated  at  the  bottom  is  set  into 
the  oil  sand  and  packed  off  above  the  top  of  the  sand.  The  tubing  is 
set  inside  the  liner  and  rests  on  a  tubing  ring  at  the  top  of  the  liner. 
This  tubing  ring  is  perforated  or  notched  so  that  gas  may  escape 
from  between  the  liner  and  the  tubing  (fig.  5,  p.  46). 

The  working  barrel  is  set  high  with  a  flood  nipple  below,  and 
when  the  fluid  is  pumped  down  to  this  point,  air  is  let  in  and  the 
fluid  can  not  be  lowered  below  this  level.  The  flood  nipple  is  so 
placed  that  the  weight  of  the  column  of  fluid  held  in  the  liner 
between  the  top  perforations  and  the  fluid  nipple  approximately 
equalizes  the  pressure  of  the  well  when  closed  in.  If  the  pressure  is 
25  pounds,  the  flood  nipple  should  be  placed  about  60  feet  above  the 
top  perforations  in  the  liner.  In  a  well  finished  as  shown  in  figure 
8»U*'— 17— BuU.  148 5 
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4,  the  air-gas  accumulates  below  the  packer  and  bears  down  on  the 
fluid  in  the  well,  forcing  it  up  into  the  liner  and  the  tubing.  Before 
the  fluid  has  accumulated  to  such  a  height  that  the  pressure  head  is 
equal  to  the  air-gas  pressure,  the  air-gas  may  escape  readily,  but 
after  its  pressure  has  been  counterbalanced  by  the  fluid  colimm,  the 
air-gas  is  sealed  in  and  little  can  escape.  As  more  oil  accumulates 
it  rises  equally  in  the  shot  hole  and  in  the  liner,  so  that  the  same 
difference  in  level  and  consequently  the  same  fluid  pressure  is  main- 
tained against  the  air-gas  pressure,  though  the  fluid  pressure  at  the 
bottom  of  the  oil  sand  is  increased  somewhat  In  this  manner  the  oil 
can  accumulate  until  the  shot  hole  is  filled.  When  the  well  is  pumped, 
the  fluid  levels  within  the  liner  and  in  the  shot  hole  are  lowered 
equally  until  they  have  reached  the  flood  nipple  and  almost  to  the 
top  perforations  in  the  liner,  respectively,  whereupon  the  well  ceases 
to  pump  oil. 

Instead  of  finishing  the  well  with  a  liner,  a  string  of  casing  can 
be  landed  at  the  bottom  and  shut  in  at  the  top,  the  tubing  and  the 
flood  nipple  being  placed  in  the  same  positions  in  regard  to  the  fluid 
column  as  in  figure  4.  This  method  has  the  advantage  that  the  pres- 
sure can  be  gaged  easily  and  continuously,  and  the  position  of  the 
flood  nipple  be  changed  readily,  but  unless  another  string  of  casing 
is  landed  on  the  top  of  the  sand  the  air  may  escape  into  other  forma- 
tions, or  shale  may  slough  off  the  walls  and  fall  into  the  hole.  Some- 
times the  flood  nipple  is  omitted  and  the  working  barrel  is  placed 
low  in  the  well.  When  the  fluid  is  pumped  below  the  counterbalanc- 
ing level  there  is  a  sudden  inrush  of  air  gas  which  brings  in  oil 
from  the  sand  into  the  hole.  When  pumping  is  stopped  the  fluid 
rises  again  and  stops  the  rush  of  air.  By  this  method  a  sudden  re- 
lease of  air  gas  takes  place  every  time  the  well  is  pumped  down. 

As  the  conditions  change  in  the  field,  it  will  be  necessary  U)  change 
the  back  pressure  used,  from  time  to  time,  as  varying  conditions 
necessitate. 

USE  OF  GAS  PUMPS  IN  CONNECTION  WITH  THE  PBOCESS. 

Gas  pumping  is  not  commonly  conducted  in  conjunction  with 
the  Marietta  air  process.  Where  necessary  the  line  wells  are  gas 
pumped  to  protect  the  property  against  drainage,  especially  if  the 
neighboring  wells  are  being  gas  pumped  or  where  they  are  not  using 
the  air  process  and  there  is  a  movement  of  air  through  the  oil  sand 
toward  the  adjoining  properties.  Gas  pumping  may  occasionally 
be  desirable  at  wells  where  the  sand  is  much  tighter  than  the  average 
on  the  property.  The  tighter  parts  of  the  sand  require  greater 
pressure  to  force  the  oil  through  them,  and  by  using  the  gas  pump 
on  wells  where  the  sand  is  tight  the  air  will  be  drawn  toward  these 
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wells  and  the  movement  of  the  air  through  the  oil  sand  may  be  more 
nearly  equalized  over  the  property. 

The  producer  at  first  is  apt  to  consider  the  suction  pump  as  being 
a  favorable  aid  to  the  air  process,  and  that  by  applying  pressure  at 
one  end  with  the  compressed  air  and  suction  at  the  other  end  with 
the  gas  pumps  the  eflBciency  can  be  materially  increased.  The  prac- 
tical limit  of  a  gas  pump  is  only  12  or  13  pounds  below  atmospheric 
pressure,  and  this  additional  difference  in  pressure  can  be  obtained 
far  more  readily  by  applying  12  or  13  pounds  more  pressure  at 
the  air  well.  The  principal  function  of  the  gas  pump,  as  has  been 
shown,  is  to  permit  more  gas  to  expand  from  solution  in  an  oil  sand 
where  the  pressure  has  been  reduced  almost  to  atmospheric.  The 
conditions  where  air  is  being  used  are  not  the  same  as  where  gas 
pumping  has  been  successful.  Gas  pumping  would  accentuate 
troubles  from  by-passing  imless  limited  to  the  "tight-sand"  wells 
and  is  in  opposition  to  the  principles  of  maintaining  back  pressure 
in  the  pumping  wells,  a  method  to  which  the  producers  will  probably 
be  compelled  to  turn  more  and  more  in  future. 

TIME  NECESSABY  TO  INCBEASE  PBODXTCTION.    . 

The  first  effects  from  forcing  air  into  the  oil  sand  are  shown  by 
the  gas.  The  volume  is  increased  considerably,  and  the  oil  produced 
becomes  livelier  and  shows  more  of  a  "bead."  These  results  are 
usually  noted  soon  after  the  pumping  of  air  into  the  sand  is  begun, 
but  the  actual  increase  in  yield  of  oil  occasionally  may  be  delayed  for 
several  months.  Usually  the  increase  of  oil  is  closely  preceded  by 
an  increase  of  water,  and  sometimes  a  well  will  produce  water  even 
if  it  never  has  before.  The  time  required  for  an  increase  in  oil  pro- 
duction is  variable,  as  is  shown  in  the  production  curves  presented 
in  figures  11  to  24  of  properties  listed  in  Table  4.  In  one  instance 
the  production  was  increased  3^  times  by  the  third  day,  but  this  is 
exceptional,  and  in  other  instances  it  has  taken  many  months.  The 
increase  may  be  sudden,  as  in  figures  17,  19,  and  21,  or  it  may  be 
built  up  gradually,  as  in  figures  16,  22,  23,  and  24. 

The  producer  should  not  be  discouraged  until  the  process  has  been 
given  a  thorough  trial.  The  texture  and  thickness  of  the  sand,  the 
size  of  the  field,  and  whether  the  oil  sand  is  overlain  by  former  gas 
sand,  the  capacity  of  the  compressor  plant  and  whether  it  is  run  con- 
tinuously or  not,  the  distance  between  wells  and  the  relative  deple- 
tion of  the  oil  sand,  all  influence  the  time  necessary  for  the  wells  to 
respond  to  the  air.  Comparatively,  tight  sands  respond  more  slowly 
than  open  sands,  but  if  the  sand  has  a  large  capacity  it  may  take 
some  time  to  fill  it  up  and  build  up  a  pressure  sufficient  to  influence 
production.    This  is  especially  true  where  the  top  of  the  sand  was 
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formerly  gKS  bearing,  or  where  the  air  escapes  through  the  sand  to 
other  propertiea  If  the  wells  are  far  apart,  it  will  take  longer  for 
the  air  to  influence  production,  and  if  the  compressor  plant  is  not  ' 


FieuBl  11. — ProdDCtlon  curve  of  property  No.  1.  Table  4.    Tbia  Is  the  flrst  property  m 
wblcb  Smith  ODd  DunD  Dsed  compreased  air.    The  lower  broken  lioe  la  the  pFwlDcttoD    | 
curve  o{  a  part  ot  the  property  od  which  air  was  not  being  naed.    Note  tbe  dfecti  *t 
saa  pimping. 

large  enough,  much  time  may  be  needed  for  it  to  build  up  pressure  in 
the  sand.  It  is  not  necessary  that  the  full  quantity  of  gas  extracted 
from  the  sand  be  replaced  by  air  at  tbe  same  pressure,  for  ordinaril; 


FiacBB  12. — Prodaction  corve  ot  part  ot  property  N'o.  6,  Table  4.  Tleld  was  alnrs 
small  aod  the  property  was  practically  abandooed  at  the  time  the  ase  ol  compre««il 
air  was  started.  Note  the  effects  of  gas  pumplog,  and  that  the  compressed  air  raised 
the  production  higher  than  the  initial  year  of  tbe  property. 

it  is  possible  to  employ  the  air  process  at  a  lower  pressure  than  was 
originally  found  in  the  field.  There  may  be  places,  however,  where 
the  capacity  of  the  former  gae-bearing  sand  connected  with  the  oil 
sand  is  so  large  that  it  is  impracticable  to  use  the  process. 
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FiacBi  13. — FrodncHon  curve  o(  part  of  property  No.  9.  Table  4  (see  flg.  IS).  Tbe  oM 
of  compresaed  air  more  thaa  doublM  the  production  from  what  II  had  been  tor  tlie 
first  jenr  the  property  produced.     Note  tbe  effects  of  g>fl  pumping. 


n 


p, 


-4'- 


■:3; 


HayltoDec.31,1913    Jan.  1  to  D«c  31,  t9U    Ian.  ltoI>ee.31,jei4    ]an.ltoDea.31,lS15    Ian.  1  to  Hay  1,  l» 
IfONTHS. 


70 


OIL-BECOVEBY  METHODS. 


1200 

B 

^ 

^1 

1000 

• 

Z  800 

o 

\ 

1 

1 

[ 

j 

1 

I 

^   L_ 

..     , 

i 

,^ 

i 

i 

\ 

[ 

P3 

\ 

t 

f 

5 

\  1 

' 

\ 

I 

/ 

^  600 

t 

I 

^ 

^. 

1 

\ 

^ 

" 

1 

' 

J 

L 

^ 

r 

PS 

\ 

^ 

1 

l\ 

«  *» 

1 

s 

s 

V 

s 

- 

/ 

200 
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Hay  1, 1916 
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Figure  15. — Production  curve  of  property  No.  4,  Table  4.     This  Is  part  of  the  Joy  farm.    , 

Morgan  County,  Ohio,  and  was  first  drilled  in  1861. 


Jan.  1  to  Deo.  31, 1913        Jan.  1  to  Deo.  31, 1914      Jan.  1  to  Dec.  31, 1915    .Jan.lto 

May  1, 1916 
MONTHS. 

FiGtrBB  16. — Production  curve  of  property  No.  8,  Table  4.  It  took  six  months  to  in- 
crease production,  but  at  the  end  of  three  years  the  production  was  still  increasing. 
The  upper  part  of  the  sand  is  very  coarse  and  formerly  gave  large  gaa  flows. 
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FiGDBB  17. — Production  curve  of  property  No.  36,  Table  4.  Within  three  days  produc- 
tion had  Increased  three  and  one-half  times,  an  unusually  large  Increase.  The  wells 
were  drilled  In  the  latter  part  of  1910. 
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Figure  18. — Production  curve  of  property  No.  16,  Table  4.     Oil  sand  Is  fine,  requiring 
pressure  of  160  pounds,  yet  the  production  was  Increased  rapidly. 


I 


12 


OIL-BECOVEBT  METHODS. 


O 

PS 

a 

PS 

n 


"""a;:;:::""" 

A^  VC 

^;;:  :::::::::::::::::;::: 

„ , I 

La..../\...A_. 

....... VhxtlU±s..i?. 

AM                           ^-                                           -^^                  -y-^          -  — - 

:::^^/^ :::::::::::: :;::::::::::::::: 

...L 

JaxL  1  to  Dec  31, 1913 


Jan.  1  to  Dec.  31, 1914 
MONTHS. 


Jan.  1  to  Dec.  81, 1915     Jan.  1  to 

Apr.14916 


FiotTBB   19. — Production   curve  of  property   No.   5,   Table  4.     Production   is   from  th* 
Macksburg  500-foot  sand,  in  which  a  number  of  failures  have  been  reported. 


Jan.  1  to  Dec.  31, 1912 


Jan.  1  to  Deo.  31, 1913  Jan.  1  to  Dec.  81, 1914 

MONTHS. 


Jan.  1  to  Dec  31, 1915 


FiouRB  20. — Production  curve  of  property  No.  6,  Table  4.  It  took  three  months  to 
influence  production.  The  sand  is  fairly  tight  and  the  wells  had  been  gas  pumped 
for  many  years.  Almost  no  decline  was  shown  after  compressed  air  had  been  used 
more  than  two  years. 
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FiGUBE  21. — Production  ciinre  of  property  No.  14,  Table  4.     Shows  a  rapid  and  large 
increase  in  production.     Note  increase  for  the  last  nine  months. 


Tan.  1  to  Dea  31, 1913 


Tan.  1  to  Deo.  31, 1914 
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Tan.  1  to  Dec  81, 1915 


FiocBK  22. — Production  curve  of  property  No.  8,  Table  4.     The  increase  of  production 
has  been  comparatively  small,  but  has  been  maintained  with  little  decline. 
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MONTHS. 

FiouBB  23. — Production  curve  of  property  No.  11,  Table  4.  OH  sand  is  tight,  requiring 
pressure  of  240  pounds.  It  took  four  months  to  increase  yield  and  the  increase  has 
been  only  moderate. 
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FiouBK  24. — Production  curve  of  property  No.  7,  Table  4.     The  property  had  been  gas 

pumped  six  years  and  the  first  wells  were  drilled  in  1861. 
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EFFECTS  OF  THE  FBOCESS  ON  BECOVEBY. 

On  some  properties  using  the  process  no  appreciable  increases  in 
production  have  been  reported,  although  even  the  majority  of  these 
have  shown  some  increase.  On  at  least  two  properties  the  produc- 
tion has  been  increased  ninefold,  and  still  larger  increases  have  been 
reported,  but  the  writer  did  not  find  opportimity  to  substantiate 
them.  The  records  of  32  properties,  including  several  where  the 
process  was  only  partly  successful,  give  an  average  increase  of  three 
and  one-half  times  the  production  at  the  time  the  process  was  started, 
this  increase  being  sustained  for  periods  of  several  months  or  more. 
The  productions  of  14  representative  properties  are  shown  in  figures 
11  to  24. 

As  the  operating  expenses  usually  are  not  increased  proportion- 
ately with  the  oil  production,  profits  show  a  relatively  greater  in- 
crease than  production.  On  some  of  the  properties  where  the  process 
was  installed  the  yields  had  so  closely  approached  the  economic  mini- 
mum that  producing  was  profitable  only  during  the  periods  of  most 
favorable  market  conditions.  Favorable  results  from  the  process  have 
kept  many  wells  from  being  abandoned,  and  caused  the  rejuvenation 
of  old  wells  which  had  been  abandoned. 

It  is  not  possible  to  estimate  what  the  total  increase  in  recovery 
will  be  because  the  beneficial  limits  of  the  process  have  not  been 
reached  on  any  property,  nor  do  we  know  what  improvements  may 
be  made  in  future.  The  benefits  may  terminate  abruptly,  or,  as  is 
more  probable,  there  may  be  a  gradual  decline  similar  to  a  normal 
well  decline,  as  is  suggested  by  some  of  the  production  curv^es.  On 
the  whole  the  future  is  more  hopeful  than  the  present  results  indicate 
because  the  process  is  so  new  that  there  are  many  possibilities  of  in- 
creasing its  efficiency. . 

Although  the  average  increase  has  been  about  three  and  one-half 
times,  the  actual  productions  ordinarily  remain  very  small  compared 
with  those  obtained  in  the  early  lives  of  the  wells,  for  previous  to  the 
use  of  the  process  productions  had  dropped  to  very  low  rates,  being 
on  most  properties  less  than  one-fourth  barrel  per  well  daily.  While 
the  increases  are  relatively  important,  they  would  have  to  be  main- 
tained for  long  periods  before  the  percentage  of  increase  in  total 
recovery  would  be  large.  For  example,  the  property  represented  by 
figure  11  marketed  a  total  of  191,045.65  barrels  of  oil  during  the 
period  of  13^  years  covered  by  the  production  curve,  which,  however, 
does  not  include  the  first  8  years  of  the  life  of  the  property.  Of 
this  total  about  35,000  barrels,  or  18J  per  cent,  is  attributed  to 
the  increase  caused  by  the  process  during  the  5  years  it  has 
been  used  (see  fig.  11),  but  it  must  be  noted  that  not  only  is  the 
production  increased  but  the  abandonment  of  small  wells,  otherwise 
unprofitable,   is  prevented,   and  that  the  whole  property   is  not 
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equipped  with  the  process.  In  order  to  double  the  natural  produc- 
tion since  1903  the  present  rate  would  have  to  be  maintained  fdr 
about  20  years  longer,  and  to  double  the  production  for  the  entire 
life  of  the  property  would  require  a  length  of  time  practically 
beyond  consideration.  The  production  curve  of  this  property  and 
of  most  of  the  others  where  the  process  has  been  used  long  shows  a 
tendency  to  decline,  which  if  unchecked  will  make  a  doubling  of 
total  recovery  not  to  be  hoped  for  on  the  average  property  in  the 
Appalachian  field ;  and,  in  fact,  it  is  far  more  likely  that  if  the  future 
does  not  show  greater  eflBciency  the  total  increased  recovery  on  the 
average  property  can  not  reach  50  per  cent  Even  these  indefinite 
estimates  are  based  on  the  assumption  that  the  benefits  of  the  process 
will  continue  for  long  periods,  for  which  there  is  no  adequate  proof 
at  the  present  time,  but  they  serve  to  show  the  limiting  factors  as 
the  process  has  so  far  been  conducted  and  that  if  the  recovery  to 
date  by  ordinary  means  actually  has  been  but  a  small  proportion  of 
the  underground  supplies,  as  is  indicated  by  the  data  submitted 
previously,  production  would  have  to  be  continued  almost  indefi- 
nitely before  even  half  of  the  imrecovered  oil  could  be  extracted. 
The  indications  are  that  the  process  as  now  conducted  is  far  from 
perfection,  but  nevertheless  it  will  play  an  important  part  in  pro- 
longing the  supply  of  oil. 

In  the  laboratory  experiments  the  ultimate  recoveries  by  the  con- 
tinued passage  of  air  through  the  sand  were  large,  especially  with 
the  light  eastern  oils,  but  much  of  the  oil  extracted  toward  the  end 
of  an  experiment  required  such  large  volumes  of  air  that  similar 
recovery  in  the  field  would  obviously  be  impracticable.  However, 
if  the  recoveries  from  the  fields  by  the  usual  methods  have  been  no 
greater  than  indicated  by  the  facts  submitted  previously,  a  wide 
margin  still  seems  to  lie  within  the  practical  limits  of  recovery,  pro- 
vided the  efficiency  in  the  field  can  be  brought  reasonably  near  that 
in  the  experiments.  Judging  from  the  experimental  data,  it  may  be 
possible  to  prolong  production  at  gradually  diminishing  rates  for 
many  years  if  economic  conditions  permit. 

DISCUSSION    OF   THE   PRODUCTION    CURVES. 

The  production  curves  on  properties  employing  the  process,  shown 
in  figures  11  to  24,  are  based  upon  authentic  records  of  oil  shipments. 
The  sharp  irregularities  in  production  between  months  are  caused 
largely  by  the  time  of  the  month  shipments  were  made,  and  are  due 
only  in  a  less  degree  to  the  variations  in  the  well  productions. 
During  the  period  August  1, 1914,  to  October  1, 1914,  production  was 
arbitrarily  curtailed  by  the  pipe-line  companies  who  refused  to  ship 
'"he  full  capacity  of  the  wells  because  of  glutted  market  conditions. 
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The  curves  are  typical  of  their  several  types,  and  are  fairly  repre- 
sentative of  the  properties  where  the  process  has  been  so  far  suc- 
cessful that  its  use  has  been  continued. 

Especial  interest  is  attached  to  the  curves  covering  periods  of  two 
years  and  more.  The  longest  period  is  five  years,  shown  in  figure 
11.  Where  the  records  cover  a  suflBciently  long  period  to  show  the 
nature  of  the  curve,  it  may  be  observed  that  maximum  production  is 
usually  reached  6  to  18  months  after  the  process  has  started,  after 
which  there  is  usually  a  gradual  decline.  Figures  11,  14,  15,  18, 
19,  22,  and  24  are  of  this  character,  while  figures  16,  20,  and  21 
show  little  or  no  decline,  and  in  figure  16  the  maximum  production 
has  not  been  passed,  although  the  process  has  been  in  use  three  years. 
These  records  are  too  few  to  permit  general  conclusions,  and  it  is 
possible  that  the  tendencies  noted  in  these  records  will  not  be  sub- 
stantiated when  more  complete  data  are  available  in  later  years. 
Under  natural  conditions,  the  operator  has  little  control  over  the 
factors  of  oil  production,  but  in  the  Smith-Dunn  process  some  of  the 
conditions  are  under  his  control,  and  consequently  there  is  more 
chance  for  him  to  improve  the  process,  which  will  considerably 
affect  the  productions  of  the  wells.  Originally  there  was  in  the  sand 
a  limited  amount  of  gas  which  expelled  the  oil,  and  was  finally  ex- 
hausted, but  in  the  Smith-Dunn  process  the  expulsive  force  is  being 
put  into  the  oil  sand  continuously,  and  may  be  increased  or  de- 
creased both  in  volume  and  pressure  at  the  will  of  the  operator. 
For  this  reason  it  can  not  be  presumed  without  evidence  that  a  well 
will  decline  under  this  process  in  the  same  way  as  under  natural 
conditions.  Production  may  continue  for  a  period  and  then  end 
abruptly,  or,  as  is  more  likely,  it  will  gradually  decline  imless 
checked  by  changes  in  the  way  of  operating  the  process. 

EFFECTS  OF  THE  AIB  ON  THE  QUALITY  OF  THE  OIL. 

Some  apprehension  has  been  expressed  that  the  air  pumped  into 
the  sand  would  imfavorably  affect  the  quality  of  the  oil,  but  repeated 
inquiries  disclosed  only  one  complaint  by  the  producers  on  this  ac- 
count, and  the  general  .opinion  held  is  that  the  oil  is  livelier,  of  better 
quality,  and  is  even  claimed  to  be  lighter  than  formerly.  Analyses  of 
oils  affected  by  the  air  do  not  show  any  noticeably  imf  avorable  altera- 
tions in  the  oils. 

The  apprehension  is  doubtless  caused  by  observing  the  deteriora- 
tion of  oil  when  exposed  at  the  surface.  Deterioration  is  caused 
principally  by  the  lighter  parts  of  the  oil  evaporating  when  exposed  to 
the  atmosphere,  but  this  would  also  occur  were  the  atmosphere  com- 
posed of  natural  gas  instead  of  air.  With  the  underground  conditions 
the  effect  of  forcing  dry  gas  through  the  sand  would  be  the  same  as 
forcing  the  air  through  the  sand,  except  that  there  is  some  chemical 
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reaction  between  the  oxygen  in  the  air  and  the  oil,  there  being  a 
tendency  to  oxidize  the  unsaturated  hydrocarbons.  The  statement 
that  the  oil  has  been  lightened  has  been  made  repeatedly  and  upon 
good  authority,  but  the  writer  was  unable  to  establish  this  definitely 
on  any  single  property  because  he  had  no  records  of  the  gravity  of  the 
oil  at  the  time  the  process  was  started. 

No  increased  troubles  from  the  deposition  of  paraffin  in  the  sands 
was  reported  by  the  operators  using  the  air  on  their  properties, 
whereas  in  many  instances  it  has  been  reported  that  the  increased 
pressures  from  the  air  have  forced  much  waxy  material  from  the 
wells.  If  there  is  a  tendency  for  the  expanding  air  to  cause  refrig- 
eration and  deposition  of  paraffin,  as  feared  by  some  oil  men,  it  ap- 
pears to  be  counteracted  by  the  increased  pressures  which  force  the 
paraffin  out  instead  of  letting  it  accumulate  in  the  pores  of  the  sands 
as  formerly  imder  the  weak  gas  pressures.  The  presence  of  the  air 
under  pressure  in  the  sand  allows  the  use  of  methods  for  removing 
the  paraffin  from  the  sand  about  the  hole  that  could  not  be  used 
before,  as  it  will  force  out  the  waxes  as  soon  as  melted,  instead  of  let- 
ting them  seal  up  the  sand,  as  would  happen  were  there  not  a  strong 
gas  pressure  in  the  sand. 

EFFECTS  OF  THE  AIB  ON  THE  WATEB. 

The  forcing  of  air  through  the  sand  usually  increases  the  volume 
of  water  produced  with  the  oil,  but  this  increase  is  reported  to  be  pro- 
portionate to  the  increase  of  oil,  so  that  the  ratio  of  oil  and  water  pro- 
duced remains  approximately  the  same.  In  some  wells  the  volume  of 
water  made  fluctuates,  and  instances  have  been  reported  where  a 
well  will  make  water  almost  exclusively  for  a  while,  to  be  followed 
by  a  period  when  little  water  accompanies  the  oil.  Complaint  sel- 
dom has  been  made  by  the  users  of  the  process  because  of  the  increase 
in  water,  as  it  has  been  proportionate  to  the  increase  in  oil. 

The  only  serious  complaint  made  was  where  the  process  was  used 
near  Lima,  Ohio,  in  wells  producing  from  the  Trenton  limestone. 
Producers  in  this  district  report  that  normally  30  to  40  barrels  of 
water  accompany  each  barrel  of  oil  produced  by  the  ordinary  meth- 
ods. When  the  air  was  forced  through  the  sand  the  volume  of 
water  became  so  great  in  many  wells  that  the  users  became  discour- 
aged and  stopped  the  process.  Whether  the  process  will  affect  other 
fields  similarly,  where  large  quantities  of  water  are  present,  is  not 
known,  because  the  character  of  the  oil-producing  rock,  a  porous 
limestone,  is  not  the  same  as  for  oil  sands. 

A  number  of  users  of  the  process  have  reported  that  the  water 
corrodes  the  tubing  and  pumping  equipment  more  than  formerly. 
The  following  analysis  of  a  sediment  produced  with  the  oil  indicates 
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that  there  is  some  basis  for  complaint,  for  presumably  the  iron  in 
this  sediment  is  derived  from  the  corroded  equipment  in  the  well : 

Analysis  of  sediment  interfering  with  pumping  apparatus  on  oU  property  near 

OU  City,  Pa. 

[Analysis  by  W.  C.  Cope,  Bureau  of  Mines.] 

Constitnent.  Original.        Corrected. 

Moisture percent 4.55  4.51 

OU do 17. 32  17.  21 

Sodium  chloride do 5.  52  5. 48 

Calcium  sulphate do 1.70  1.69 

Calcium  carbonate do 5.63  5.59 

SUlca do 1. 21  1. 20 

Carbonaceous  material do 1. 30  1. 29 

Iron  rust  ? do 63. 57  63. 03 

100. 80  100. 00 

Ferric  oxide  « 55. 41  54. 95 

Carbon  dioxide 1. 21  1. 20 

Water 6.95  6.88 

63. 57  63. 03 

When  the  water  is  aerated  by  the  air  passing  through  the  sand 
its  power  for  corrosion  is  increased.  The  imfavorable  effect  will 
depend  largely  on  the  character  of  the  water,  and  if  it  has  corroded 
the  equipment  previously,  the  trouble  may  be  aggravated,  but  if  it 
has  not,  it  is  not  likely  that  the  air  will  cause  trouble.  The  cost 
of  producing  oil  has  bc^n  increased  on  certain  properties  because  of 
this  trouble,  principally  by  the  formation  of  a  sediment  which  gets 
into  the  pumps  and  cuts  the  cups,  but  relatively  the  effect  has  not 
been  serious. 


PUMPING  TROUBLES  OFTEN  INCREASED  BY  USING  THE  PROCESS. 

Not  only  does  the  air  sometimes  increase  the  formation  of  sedi- 
ments by  the  corrosion  of  the  iron  in  the  well,  but  it  may  bring  more 
floating  sand  and  other  sediments  into  the  well  which  will  increase 
pump  troubles  and  make  it  necessary  to  pull  the  wells  more  fre- 
quently than  before.  On  many  properties  the  additional  trouble 
is  negligible,  whereas  on  others  it  has  considerably  increased  the 
expense  of  operating.  Less  trouble  has  been  experienced  from  hard, 
tight  sands,  and  the  previous  condition  of  the  well  has  proved  to  be 
a  very  important  factor,  for  it  has  been  generally  noted  that  those 
operators  who  clean  their  wells  with  unusual  thoroughness  have 
had  less  trouble  than  their  neighbors.  Pmnp  troubles  are  reported  to 
diminish  with  time  on  those  properties  where  the  process  has  been 
in  use  long  enough. 

*A  hydrated  ferric  oxide  containing  some  carbonate. 
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Probably  pump  troubles  have  been  caused  not  only  by  the  in- 
crease of  sediments  but  by  poor  pumping  equipment  inadequate  to 
handle  the  increased  production.  On  many  properties  where  the 
process  has  been  employed  the  equipment  had  been  allowed  to  de- 
teriorate and  the  wells  had  not  been  kept  in  condition  because  the 
yield  had  become  so  small  that  the  producer  could  not  afford  to  make 
any  but  essential  repairs  or  replacements  of  equipment. 

EFFECTS  OF  THE  AIB  ON  QUANTITY  AND  QUALITY  OF  QAS. 

In  all  instances  reported,  the  volume  of  the  gas  has  been  increased 
considerably.  On  many  properties  when  the  compressors  were  first 
installed  there  was  not  sufficient  gas  to  run  the  plant  more  than  a 
short  period  during  each  day,  but  as  the  air  was  forced  into  the  sand 
the  quantity  of  the  gas  increased  so  that  soon  the  plant  could  be  run 
to  its  full  capacity.  On  a  number  of  properties  insufficient  gas 
formerly  had  made  it  necessary  to  purchase  gas  or  gasoline  for  fuel 
to  furnish  power,  and  on  one  property  coal  was  burned  under  boilers 
for  pimiping  the  wells.  Some  of  these  properties  previously  short  of 
gas  now  have  an  excess  that  is  being  burned  in  flambeaus. 

The  increase  in  quantity  is  largely  due  to  the  air  which  passes 
through  the  sand  and  becomes  mixed  with  the  gas,  but  there  most 
also  be  an  actual  increase  in  the  quantity  of  petroleum  gases,  as  the 
air-gas  mixture  supplies  more  power  than  the  gas  formerly  produced. 

The  compositions  of  the  air-gas  mixtures  vary  in  the  percentages 
of  air,  of  gasoline  vapors,  and  of  the  other  petroleum  gases.  The 
quantity  of  gasoline  vapor  is  roughly  proportionate  to  the  percentage 
of  natural  gas.    Following  are  analyses  of  some  air-gas  mixtures: 

Results  of  analyses  of  air-gas  mixtures. 


CoDstitiMnt. 


Carbon  dioxide  (COj) per  cent. . 

Oxygen  (Os) do — 

Nitrogen  (IS^) do 

Methane  (CHi) do.... 

Ethane  (CtHc) do 

Propane  (CgHt) do 

Butane  (CiHit) do. . . . 

QasoUne— pints  per  1,000  cubic  feet 


No.7841a.No.784«6. 


1.07 
19.40 
76.09 


2.84 
1.44 


1.20 

4.ao 

78.70 


10w40 

4.40 

U.90 


No.7844e. 


a70 
16.80 
78.00 


4.50 
a40 


No.84S»(. 


4.60 
12.90 
75.60 


2.50 
4.40 


No.84a6<. 


7.00 
.50 

2.60 
64.S 
3Sl70 


a  Air-0B8  from  property  No.  6  (Table  4);  very  lean,  bums  without  visible  flame;  Is  not  being  used. 
b  Air-gas  from  property  No.  81  (Table  4);  fairly  rich,  being  used  in  gas  engine. 
c  Air-gas  from  property  No.  6  (Table  4);  being  used  in  gas  engine. 

*  Air-cas  from  property  No.  11  (Table  4):  lean  as,  being  useoin  gas  engine.   GasoUne  not  detennined. 

•  Oas  from  a  property  near  Warner,  Ohio,  haroly  affected  by  the  air.   Gasoline  not  determined. 

An  operator  in  the  Bradford  field  reports  that  the  gas  from  wells 
500, 1,500,  and  2,150  feet  away  from  an  air  well  showed  76,  26,  and 
10  per  cent  of  air,  respectively.    (See  fig.  32,  p.  115.) 

At  times  the  air-gas  mixture  is  so  lean  it  will  not  bum  without 
the  addition  of  more  ga&    Evidently  the  composition  of  the  air-gas 
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fluctuates  when  the  process  is  first  started,  for  it  has  been  reported 
that  in  some  instances  trouble  was  experienced  in  regulating  the  fuel 
mixture  in  the  gas  engines,  though  this  may  be  caused  by  drawing 
from  several  wells  gas  of  different  composition  that  does  not  get  well 
mixed  in  the  lines.  After  the  process  has  been  in  use  for  a  while 
the  air  gas  seems  to  be  more  constant  in  composition  and  less 
trouble  is  experienced  from  this  cause.  It  would  be  expected 
that  the  continued  passage  of  air  through  the  sand  would  remove 
the  petroleum  gases,  so  that  eventually  the  gas  would  become  very 
lean.  Evidence  from  experience  is  not  yet  clear  on  this  point,  for 
properties  where  the  process  has  been  in  use  longest  do  not  always 
report  trouble  of  this  character,  whereas  some  other  operators  claim 
that  the  gas  became  lean  not  long  after  the  process  was  started.  It 
is  believed  that  much  of  the  lean  gas  is  caused  by  air  by-passing  or 
blowing  through,  and  if  the  operators  would  exercise  more  care  in 
regulating  the  passage  of  the  air  through  the  sand,  less  trouble  would 
be  experienced  with  lean  gas.  There  is  also  some  evidence  that  using 
too  high  pressure  may  cause  lean  gas  without  adequate  benefits  from 
the  increase  in  oil  production.  The  air-gas  from  the  different  wells 
will  not  be  the  same  in  composition,  and,  if  necessary,  the  gas  from 
some  wells  can  be  cut  out  if  too  lean.  Lean  gas  ordinarily  may  be 
considered  as  evidence  of  ineflBcient  expulsion,  for  if  the  air  were 
doing  its  proper  quota  of  work  it  is  hardly  likely  that  it  would  come 
through  the  sand  too  lean  to  use. 

The  dilution  of  the  gas  makes  it  necessary  to  adjust  the  air  and  the 
gas  intakes  on  the  gas  engines.  The  gas  intakes  must  be  enlarged 
in  proportion  as  the  gas  gets  lean,  and  the  air  intake  must  be  reduced 
correspondingly.  At  times  the  fuel  mixture  will  hardly  need  the 
addition  of  any  air.  The  fuel  value  of  the  air-gas  is  less  than  that 
of  natural  gas,  and  consequently  more  of  the  air-gas  must  be  used 
in  the  gas  engine.  As  is  shown  by  the  analyses  on  page  80,  there  is 
apt  to  be  an  abnormal  proportion  of  nitrogen  in  the  air-gas,  so  that 
the  fuel  value  is  reduced  to  less  than  that  of  a  proper  mixture  of 
normal  air  and  gas,  and  thus  the  power  of  the  gas  engine  is  dimin- 
ished by  the  presence  of  this  excess  of  inert  nitrogen,  and  the  actual 
power  delivery  of  the  plant  may  be  considerably  reduced  below  the 
rated  horsepower,  which  is  one  reason  why  a  plant  should  be  in- 
stalled with  reserve  power. 

The  excess  of  nitrogen  in  the  air-gas  is  probably  due  to  the  ex- 
traction of  oxygen  from  the  air  during  its  passage  through  the  sand 
rather  than  to  the  picking  up  of  nitrogen.  The  cause  for  the  change 
of  composition  of  the  air  is  probably  due  in  most  part  to  chemical 
reactions  between  the  oxygen  and  the  oil,  or  with  other  substances 
underground,  but  it  may  also  be  partly  caused  by  a  greater  per- 

88911*^— 17— Bull.  148 6 
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centage  of  oxygen  being  absorbed  in  the  oil  when  the  air  is  passed 
through  the  sand,  as  suggested  by  the  coefficients  of  absorption  for 
oxygen  and  nitrogen  in  petroleum  as  given  on  pages  11  to  13.  If 
this  is  the  principal  cause,  it  ^ows  that  vast  quantities  of  oil  must  be 
present  underground  to  account  for  the  change  in  the  composition  of 
the  large  quantities  of  air  being  forced  through  the  sands. 

EFFECT  ON  MAKING  OASOUNB  FROM  THB  GAS. 

The  increasing  use  of  the  Smith-Dunn  process  has  occasioned  in- 
quiries regarding  its  effect  on  the  making  of  gasoline  from  natural 
gas.  So  far  as  it  has  been  used  to  the  present  time,  the  process  has 
diminished  the  extraction  of  gasoline.  Although  the  volume  of  gas 
is  increased,  it  is  apt  to  be  too  lean  for  profitable  making  of  gasoline 
by  compression.  A  few  plants  are  condensing  gasoline  from  the  air- 
gas  by  compression,  but  the  majority  of  the  gasoline  plants  were  dis- 
continued where  they  depended  upon  the  gas  from  the  properties 
installing  the  Smith-Dunn  process. 

As  the  gas  is  diluted  with  air,  higher  pressures  are  necessary ;  also  a 
greater  volume  must  be  put  through  the  compressors  to  obtain  the  same 
yield  of  gasoline ;  and  these  facts  seriously  affect  the  manufacture  of 
gasoline  from  such  gas.  The  analyses  show,  however,  that  some  of 
the  air-gas  is  still  rich  enough  to  make  compression  profitable,  and 
it  has  been  shown  in  Bulletin  88  *  that  many  compression  plants  have 
used  gas  with  high  air  contents,  some  containing  as  much  as  40 
per  cent  of  air.  By  adding  an  expansion  engine  to  the  equipment 
and  reducing  the  temperatures,  probably  it  will  often  be  possible 
to  continue  to  condense  the  gasoline  at  the  pressures  used  previously. 

According  to  Burrell,  the  presence  of  air  will  probably  affect  the 
extraction  of  gasoline  by  absorption  methods  to  a  much  smaller 
degree  than  by  compression  methods,  and  it  is  likely  that  gases 
rendered  too  lean  to  be  treated  profitably  by  compression  may  be 
suitable  for  the  absorption  process  when  it  is  perfected  for  use  in 
Fmall  plants. 

PRECATJnONS  IN  USING  THE  AIR-GAS. 

The  analyses  of  gas  from  producing  wells  on  properties  using  the 
Smith-Dimn  process  show  that  it  is  a  mixture  of  natural  gas,  gasoline 
vapors,  and  air  in  varying  proportions.  Sometimes  the  mixture  is 
such  that  it  will  bum  or  explode  upon  ignition  without  the  addition 
of  more  air,  and  occasionally  it  is  too  lean  to  be  inflammable. 
Ordinarily,  the  air-gas  is  too  rich  to  be  explosive,  but  Burrell  *  has 

*  Barren,  G.  A.,  Seibert,  F.  M.,  OberfeU,  G.  O.,  The  condensation  of  gastdlne  from 
natural  gas :  Bull.  88,  Bureau  of  Mines,  1915,  p.  68. 

•BurreU.  G.  A.,  Selbert,  F.  M.,  and  OberfeU,  G.  G.,  work  cited,  p.  97. 
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shown  that  the  limits  of  explosibility  for  natural  gas  range  from 
about  3.6  per  cent  to  9.6  per  cent  of  wet  gas.  The  mixture  of  air 
and  gas  is  more  dangerous  than  pure  unmixed  natural  gas,  and  this 
fact  should  be  kept  continually  in  mind  in  all  operations  on  a 
property  where  the  process  is  being  used.  In  spite  of  the  obvious 
dangers  there  have  been  surprisingly  few  serious  accidents. 

The  air-gas  is  commonly  used  as  a  source  of  power  in  the  com- 
pressor plants,  is  sometimes  used  for  domestic  lighting  and  heating 
on  the  leases,  and  at  a  few  plants  is  used  for  making  gasoline  by 
compression.  Burrell*  has  shown  that  frequently  considerable  air 
is  also  mixed  with  the  gas  on  properties  being  vacuum  pumped, 
sometimes  40  per  cent  of  the  mixture  being  air,  but  the  writer  has 
heard  of  no  explosions  from  this  cause  in  compressors  for  condensing 
gasoline.  These  mixtures  are,  however,  much  richer  than  the  aver- 
age from  wells  using  the  Smith-Dunn  process.  An  air-gas  within 
the  exploave  limits  will  in  all  probability  be  too  lean  to  make  gaso- 
line by  compression,  but  the  presence  of  air  in  the  gas  should  be  taken 
into  account  and  factors  of  safety  adopted  accordingly. 

A  number  of  reports  have  been  made  that  the  air-gas  has  been 
ignited  and  the  flame  traveled  back  in  the  pipes  to  the  well.  Mr. 
I.  L.  Dunn  states  that  this  has  happened  several  times  in  his  ex- 
perience, sometimes  purposely,  but  without  serious  consequences,  the 
pipe  and  the  well  not  being  damaged.  One  accident  was  caused  by 
attempting  to  start  an  engine  with  compressed  air-gas,  which  was 
ignited  and  reached  the  charging  tank  through  a  leaking  valve, 
blowing  it  up  with  great  violence.  Backfiring  into  the  gas  line  can 
be  prevented  by  inserting  at  the  proper  point  a  section  of  larger  pipe 
filled  with  small  iron  tubes  or  rods  that  will  smother  flames  by  cool- 
ing, much  as  the  gauze  in  an  oil  safety  lamp  prevents  the  mine 
gases  from  being  ignited  by  the  flame  of  the  lamp. 

Occasionally  oil  will  flow  from  a  well  by  the  compressed  air. 
This  is  reported  to  have  been  the  cause  of  one  accident.  The  oil 
flowed  into  the  gas  line  and  reached  the  cylinder  of  the  gas  engine. 
By  installing  a  trap  in  the  gas  line  through  which  all  the  gas  must 
pass  before  reaching  the  engine  this  can  be  prevented. 

Apprehension  has  been  expressed  of  the  air-gas  in  the  oil  sand 
becoming  ignited  and  exploding.  This  does  not  seem  to  be  a  possi- 
bility, as  the  oil  sand  itself  would  tend  to  smother  the  flame,  so  that 
the  air-gas  in  the  pores  of  the  sand  can  not  be  exploded. 

Precautionary  measures  applicable  to  properties  using  the  Smith- 
Dunn  process  are  given  in  Bulletin  88.* 

•Work  cited,  p.  66. 

•BurreU,  G.  A.,  Selbert,  P.  M..  and  Oberfell,  G.  C,  The  condengaUon  of  gasoline 
from  natural  gas :  Bureau  of  Mines,  1910,  pp.  67-68. 
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COST  OF  USING  THE  PB0CES6. 

In  the  following  discussion  on  the  cost  of  using  the  Smith-Dunn 
process  only  the  additional  expenses  caused  by  its  use  are  considered. 
These  extra  costs  depend  on  so  many  variable  factors  that  it  is  not 
advisable  to  make  detailed  statements.  An  endeavor  is  made,  how- 
ever, to  give  in  a  general  way  the  relative  expense  of  installing  a 
plant  and  the  increase  in  operating  expense,  as  well  as  to  outline  the 
factors  influencing  the  increased  costs.  Royalties  or  tjharges  to  be 
paid  for  patent  rights  are  not  taken  into  account. 

COST  OF  INSTALLING. 

At  least  80  per  cent  of  the  first  cost  in  installing  the  process  is  for 
machinery  and  other  equipment.  Under  the  abnormal  conditions 
prevailing  at  present  the  prices  of  such  materials  are  so  unstable  that 
no  detailed  estimates  of  cost  would  be  of  value.  Moreover,  the  local 
conditions  on  each  property  are  so  diverse  that  only  the  broadest 
statements  would  be  justified,  even  were  the  prices  of  materials  fairly 
stable. 

For  equipping  a  property  to  use  the  process  there  are  necessary: 

1.  A  compressor  plant,  including  gas  engine,  compressor,  housing, 
and  accessories. 

2.  Pipe  lines  for  distributing  the  compressed  air  and  for  gathering 
air-gas  for  fuel  purposes. 

3.  The  preparation  of  air  wells  and  the  putting  of  pumping  wells 
and  their  equipment  in  proper  condition. 

The  factors  governing  the  size  and  type  of  compressor  plant  have 
been  given  previously,  and  it  has  been  ^own  that  less  than  1  to 
nearly  6  horsepower  may  be  required  per  well  (air  and  pumping 
wells),  the  average  being  1.83  horsepower  per  welL  The  compressor 
plants  used  have  ranged  in  size  from  20  to  185  horsepower,  though 
few  plants  are  more  than  100  horsepower.  Of  the  equipment,  about 
70  per  cent  goes  into  the  compressor  plant  (including  housing  and 
installation) ,  the  other  80  per  cent  being  for  the  pipe  lines.  The  costs 
of  preparing  the  wells  and  pumping  equipment  are  not  large  if  the 
wells  and  the  equipment  are  in  good  condition.  The  cost  of  installing 
the  process  will  dep^id  largely  (m  the  equipment  already  in  use  on 
the  property.  If  it  has  been  gas  pumped,  or  if  a  compressor  for  con- 
densing gasoline  has  been  used,  much  of  the  same  equipment  can  be 
employed  in  the  Smith-Dunn  process,  or,  if  not,  the  cost  may  be  partly 
compensated  by  the  value  of  the  equipment  replaced.  The  gas  en- 
gines can  often  be  used  for  running  the  compressors,  and  scHne- 
times  the  vacuum  pumps  can  be  altered  and  made  into  compressors 
if  they  are  of  the  proper  type  and  size.  If  the  property  has  been 
gas  pumped  the  suction  lines  can  be  used  for  air-gas  lines,  or  the 
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pipe  can  be  used  for  conveying  air  to  the  air  wells.  The  air  lines 
have  2-inch  to  l-inch  mains  with  1-inch  to  2-inch  laterals  to  the  air 
wells.  One-third  to  one-sixth  of  the  pumping  wells  are  changed 
into  air  wells.  The  items  of  cost  for  the  air  wells  may  be  gained 
from  the  description  of  air  wells  given  elsewhere.  In  general,  the 
cost  is  not  great  and  will  be  largely  compensated  by  the  pumping 
equipment  replaced. 

The  presence  of  the  compressed  air  on  the  property  supplies  a 
source  of  power  readily  distributed  over  the  lease  and  permits  the 
use  of  differ^it  pumping  equipment  which  may  make  a  difference  in 
the  first  cost. 

Plants  installed  before  the  present  abnormal  conditions  arose  cost 
$50  to  $150  per  well,  the  average  being  about  $100  per  well.    Figured 

in  another  way,  the  cost  was  $30  to  $50  per  rated  horsepower  used. 

« 

COSTS  OF  OPERATING. 

Inquiries  as  to  the  cost  of  operating  properties  by  the  Smith-Dimn 
process  usually  brought  out  the  statement  that  the  cost  had  been  in- 
creased a  little,  but  not  much.  Sometimes  it  was  stated  that  the 
cost  had  been  increased  25  to  50  per  cent,  and  in  one  or  two  instances 
it  was  claimed  that  the  expense  had  been  doubled.  It  was  claimed 
that  the  expense  has  been  lessened  on  a  few  properties  by  using  the 
compressed  air  for  pumping  the  oil,  the  cost  being  less  than  when 
the  property  was  gas  pumped. 

The  items  that  may  increase  the  cost  of  operating  are:  Costs  of 
running  the  compressor  plant,  including  extra  labor  where  neces- 
sary, fuel  and  water  supply,  lubricants,  repairs  and  replacements, 
depreciation  and  interest  on  the  investment;  costs  due  to  the  added 
expense  of  handling  more  fluid,  and  often  the  increased  troubles  at 
the  pumping  wells  due  to  the  sediments  brought  in  by  the  air.  Of 
these,  the  chief  items  of  expense  are  ordinarily  the  extra  labor  and 
the  increased  pumping  troubles. 

The  extra  labor  cost  depends  largely  on  whether  or  not  the  operator 
chooses  to  have  men  stationed  at  the  compressor  plants  continu- 
ously. In  general,  only  one  man  is  used  at  the  compressor  plant,  it 
being  allowed  to  run  during  the  night  without  attendance.  Ex- 
perience has  shown  that  on  the  ordinary  property  the  liability  of 
preventable  damage  is  not  such  as  to  warrant  the  extra  cost  of  keep- 
ing a  man  at  the  plant  both  day  and  night,  where  systems  are  in- 
stalled for  automatic  lubrication  during  periods  of  12  hours  or  more 
and  for  stopping  the  engines  should  an3i;hing  happen  to  the  water 
supply.  By  these  means  a  saving  of  $70  to  $90  a  month  for  an 
extra  mechanic  is  effected.  Lubrication,  repairs,  and  replacements 
are  not  often  important  items  of  cost  in  an  efficient  plant.     It 
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is  not  often  necessary  to  use  other  fuel  than  the  natural  supply 
of  air-gas,  and  the  only  charge  which  might  be  made  against  this 
item  would  be  the  selling  value  of  what  gasoline  might  be  recovered 
from  the  gas.  The  cost  of  water  has  been  nominal  in  the  estab- 
lished plants,  and  will  be  elsewhere  except  in  some  of  the  western 
oil  fields,  where  water  may  be  difficult  to  obtain.  The  actual  de- 
preciation is  not  great,  but  owing  to  the  fact  that  it  is  not  known 
how  long  the  production  will  be  benefited,  and  consequently  how 
long  the  plant  will  be  in  use,  a  high  rate  of  depreciation  should  be 
adopted.  The  additional  fluid  which  must  be  handled  increases  the 
total  operating  cost  for  the  property,  but  decreases  the  cost  per 
barrel. 

The  most  variable  factor  in  the  cost  of  operating,  however,  is  the 
trouble  in  the  pumping  wells  caused  by  the  sediments  brought  in 
by  the  air.  On  a  number  of  properties  the  extra  expense  from  this 
cause  has  been  large,  whereas  on  others  it  has  been  nominal.  As 
-stated  before,  pmnping  trouble  is  largely  due  to  whether  or  not  the 
wells  have  been  thoroughly  cleaned,  and  adjoining  properties  may 
show  entirely  different  results.  Experience  on  the  older  properties 
encourages  the  belief  that  usually  this  trouble  will  decrease  with 
time. 

FIELDS  WHEBE  SMITH-DUNN  PBOCESS  HAS  BEEN  USED. 

Outside  of  the  district  in  Ohio  where  the  Smith-Dunn  process  was 
started,  it  has  been  used  on  several  properties  near  Oil  City  and 
Bradford,  Pa.,  also  five  plants  were  in  use  in  the  Tr^iton  limestone 
pools  of  Ohio  and  Indiana.  In  southern  Kansas  it  was  used  in  one 
pool,  and  in  Oklahoma  in  two  pools  in  the  Bartlesville  sand,  one 
being  where  the  wells  were  small  and  shallow,  the  other  being  where 
the  wells  were  comparatively  deep  and  had  been  unusually  prolific, 
and  still  produced  large  quantities  of  oil.  In  California  it  was  ex- 
perimented with  in  a  small  way  in  a  shallow  pool  producing  light 
oil,  the  condition  being  not  like  those  found  in  most  California 
oil  fields. 

CONDITIONS  UNDEB  WHICH  PBOCESS  HAS  BEEN  USED. 

To  date  the  process  has  been  applied  almost  exclusively  to  wells 
that  had  declined  to  very  small  productions,  the  daily  yield  in  many 
instances  being  less  than  one-fifth  of  a  barrel  and  near  the  minimum 
limit  of  profitable  operation.  Some  of  the  properties  were  drilled 
early  in  the  history  of  oil  producing,  some  of  them  dating  from  the 
period  of  1860-70,  and  many  of  the  properties  had  been  gas  pumped. 
The  depths  of  the  wells  range  from  less  than  100  to  more  than 
2,000  feet,  and  the  sands  range  from  fine  to  pebbly,  tliick  or  thin. 
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The  oil  is  of  parafSn  base,  and,  with  the  exception  of  some  of  the 
oil  in  Oklahoma,  of  very  light  gravity,  being  35®  to  50®  B. 

The  greatest  successes  have  been  obtained  in  the  First  Cow  Run 
sand  of  southeastern  Ohio  and  the  Big  Lime  sand  in  the  district  near 
Woodsfield,  Ohio.  The  First  Cow  Eun  sand  is  usually  of  coarse, 
open  texture,  the  wells  in  it  are  shallow,  and  the  original  pressures 
were  low,  but  the  initial  productions  were  often  high,  some  of  the 
wells  starting  at  several  hundred  barrels  daily.  Production  has 
been  long  sustained,  and  some  of  the  oldest  producing  wells  in  the 
country  obtain  their  oil  from  this  sand.  The  Cow  Run  sand  gen- 
erally occurs  in  narrow,  sinuous  ^streaks,"  or  as  small  lenses  in- 
closed in  beds  of  shale.^  In  the  Woodsfield  district,  the  Big  Lime 
sand^  is  a  true  sand,  being  found  in  lenses  embedded  in  the  lime, 
and  often  of  small  extent,  the  whole  pool  sometimes  supporting  but 
a  few  wells.  Li  both  the  Cow  Run  sand  and  the  Big  Lime  sands, 
the  conditions  are  unusually  favorable  for  quick  and  decisive  re- 
sults, the  sand  being  of  fairly  coarse  and  open  texture,  while  the 
pools  are  small  and  narrow  so  that  the  effect  of  the  air  has  been  con- 
fined to  a  small  area.  The  geologic  conditions  of  these  districts 
are  sufficiently  covered  in  the  publications  of  the  various  State 
geological  surveys,  and  of  the  United  States  Geological  Survey. 

The  columnar  section,  shown  in  figure  25,  from  Bulletin  621  ^  of 
the  United  States  Geological  Survey,  shows  the  different  sands  in 
the  district  along  the  Ohio  River  where  the  Smith-Dunn  process  has 
been  used  longest  and  most  extensively.  The  process  has  been  ap- 
plied to  nearly  every  sand  shown.  Outside  of  this  district  the  pro- 
cess has  been  used  in  the  Rosenberry  sand  near  Emlenton,  Pa.,  the 
Third  Venango  sand  near  Oil  City,  Pa.,  the  Bradford  sand  near 
Bradford,  Pa,,  the  Trenton  limestone  near  Lima,  Ohio,  and  Geneva, 
Ind.,  and  the  Bartlesville  sand  in  the  Nowata  and  Boston  pools  of 
Oklahoma,  and  the  Sespe  sands  in  Ventura  County,  Cal. 

7AIL17BES  OF  THE  PBOCESS. 

Universal  and  unqualified  success  is  too  much  to  be  expected  from 
any  process  like  the  Smith-Dunn,  especially  when  new  and  unper- 
f ected.  A  number  of  cases  have  been  reported  where  little  or  no  m- 
crease  was  gained.  Failures  were  caused  in  the  Trenton  limestone 
pools  of  Ohio  and  Lidiana  by  the  increase  of  water  and  the  erratic 
and  uncontrollable  movements  of  the  air  underground.  On  a  few 
properties  the  use  of  air  was  discontinued  and  natural  gas  substituted, 

•  Bownocker,  J.  A.,  Oil  and  gas :  Bnll.  1,  Ohio  Oeol.  Survey,  4th  ser.,  1908,  pp.  164-172. 

^Condit,  D.  D.,  Structure  of  the  Berea  oil  sand  in  the  Woodsfield  Quadrangle:  U.  S. 
Geol.  Survey  BulL  621,  1916,  p.  242. 

"  Condit,  D.  D.,  Structure  of  the  Berea  oil  sand  In  the  Woodsfield  Quadrangle,  1916, 
p.  240. 
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not  because  the  increases  in  production  were  unsatisfactory,  but 
because  the  gas  from  the  properties  was  being  used  for  domestic  pur- 
poses, or  the  operators  feared 
it  would  get  too  lean. 

Undoubtedly  many  of  the 
failures  were  preventable  and 
were  not  due  to  inherent  faults 
in  the  process.  In  at  least  one 
case  failure  was  turned  into 
success  when  the  property 
changed  management,  and  it 
is  likely  that  other  failures 
could  be  made  successful  with 
proper  equipment  and  experi- 
enced application  of  the  process. 
But  until  it  has  actually  be^i 
demonstrated  that  a  failure 
was  preventable,  it  must  be 
set  down  against  the  process. 
From  inquiries  through  the 
fields  it  is  thought  that  the 
failures  will  be  less  than  20  per 
cent  of  the  total  number  of 
times  the  process  has  been  used. 
From  what  could  be  learned 
of  local  conditions,  failures  to 
appreciably  increase  production 
might  be  traced  to  some  of  the 
following  causes:  One  prop- 
erty never  had  been  profitably 
productive;  on  several  proper- 
ties the  compressor  plants 
were  probably  too  small,  for 
in  one  case  enlarging  the  plant 
made  the  process  successful; 
in  at  least  one  instance  the 
waste  of  air  through  old  weUs. 
and  wells  improperly  cased, 
probably  caused  failure;  trying 
to  force  the  air  into  too  few  air 
wells  has  been  a  probable  cause, 
and  expecting  results  too  soon 
has  been  another  (the  reader  is 
eferred  to  the  production  curves  as  evidence  that  success  may  not 
ome  until  after  the  air  has  been  in  use  several  months;  by-passing 
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and  blowing  through  are  reported  as  causes  on  a  number  of  proper- 
ties. In  some  instances  failure  can  not  be  traced  to  any  probable 
cause,  and  at  present  must  be  set  down  as  unexplainable. 

A  popular  opinion  has  been  that  the  process  will  fail  when  applied 
to  tight  sands  or  to  deep  wells.  There  are  hardly  sufficient  data  to 
disprove  either  contention.  Up  to  a  depth  of  2,000  feet  there  has 
been  no  evidence  that  the  process  will  not  be  successful  in  deep  wells 
where  other  conditions  are  favorable.  The  popular  opinion  of  fail- 
ure in  tight  sand  has  been  gained  from  the  facts  that  a  few  failures 
are  reported  from  the  500-foot  sand  at  Macksburg,  Ohio,  which  is 
said  to  be  a  tight  sand,  and  that  most  of  the  conspicuous  successes 
have  been  in  the  coarse  First  Cow  Run  sand  and  the  Big  Lime  sand 
near  Woodsfield,  Ohia  The  tight  sand  requires  greater  pressure 
and  a  longer  time  to  get  results,  but  so  far  tiiie  failure  of  the  tight 
sands  is  by  no  means  conclusive.  Two  properties  report  usdng  pres- 
sures up  to  300  pounds ;  on  one  the  increase  is  small,  but  on  the  other 
the  increase  is  reported  to  be  three  and  one-half  times.  Figures  18, 
19,  and  23  represent  properties  where  the  sand  is  medium  or  fine 
grained,  and  the  pressures  used  are,  respectively,  160  pounds,  110 
pounds,  and  240  pounds.  The  wells  represented  by  figure  19  are 
producing  from  the  600- foot  sand  at  Macksburg. 

POSSIBILITIES  07  EHPLOYINa  THE  PBOCESS  IN  OTHEB  tIELDS. 

Despite  the  diversities  of  conditions  in  the  various  oil  fields  of  the 
TJnited  States,  the  recovery  of  oil  has  seemingly  been  low  everywhere, 
regardless  of  the  local  conditions,  or  original  pressures,  depths  of 
well,  or  of  the  character  of  the  oil  and  the  character  and  texture 
of  the  oil  sands.  The  cause  of  decline  in  all  oil  fields  can  be  traced 
to  the  depletion  of  the  natural  gas  accompanying  the  oil ;  therefore 
it  se^ns  logical  that  in  other  fields  forcing  air  through  the  sand  would 
increase  production  the  same  as  in  fields  where  the  process  has  been 
used,  although  local  conditions  will  determine  whether  or  not  it  can 
be  used  profitably. 

The  conditions  in  the  Appaladiian,  Illinois,  and  Mid-Continent 
fields  are  so  essentially  alike  that  it  hardly  seems  possible  that  the 
process  can  fail  in  the  other  districts  if  successful  in  one,  but  when 
extended  to  fields  like  those  of  Califomia,  Texas,  and  Louisitma  the 
conditions  are  so  different  that  it  is  hardly  safe  to  forecast  results, 
though  the  experiments  with  loose  sands  and  Califomia  oils  gave 
proportionately  more  favorable  results  than  the  experiments  with 
light  eastern  oils.  For  one  thing  the  building  up  of  pressure  is  likely 
to  cause  loose  sand  to  come  into  the  wells,  which  may  neutralize  the 
benefits. 
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It  is  interesting  to  note  that  in  the  use  of  compressed  air  in  Cali- 
fomia  for  pumping  wells  by  the  air-lift  system,  Arnold  and  Grarfias* 
have  reported  that  in  time  the  yields  from  wells  so  operated  show  an 
undoubted  decline,  whereas  wells  near  by  not  operated  by  air  have 
been  observed  to  show  an  increase.  These  facts  suggest  that  some  of 
the  air  from  the  air  lift  entered  the  sand  and  moved  the  oil  away 
from  the  hole  toward  other  wells  where  air  was  not  being  used. 

The  use  of  the  Smith-Dunn  process  has  been  practically  confined  to 
old  wells  which  had  nearly  ceased  producing.  It  would  be  of  in- 
terest to  know  whether  the  process  can  be  used  profitably  in  wells 
that  have  not  reached  such  low  productions.  It  was  applied  with 
some  favorable  results  to  one  property  in  Oklahoma  where  the  yields 
were  still  high,  but  the  conditions  were  such  as  to  make  it  difficult 
to  tell  whether  the  use  of  the  process  had  been  sufficiently  beneficial 
to  make  it  worth  while.  In  the  Gushing  field,  in  Oklahoma,  the 
accidental  admission  to  an  oil  sand  of  high-pressure  gas  from  a 
deeper  stratum  temporarily  greatly  increased  the  flow  of  a  well  which 
previously  yielded  about  60  barrels  daily.  This  lends  encouragement 
to  the  view  that  the  Smith-Dunn  process  can  be  used  profitably  in  the 
early  life  of  a  well  to  stimulate  production.  This  process  was  tried  on 
a  small  scale  in  Ventura  County,  Cal.,  the  air  being  forced  into  a 
well  on  the  edge  of  a  small  and  very  shallow  field  for  several  months, 
but  no  appreciable  increase  in  the  jdelds  of  oil  or  gas  was  reported. 
The  oil  sand  was  fairly  compact  for  a  California  oil  sand  .and  the 
oil  had  a  gravity  of  30**  B.  Why  the  air  did  not  affect  the  gas  yield 
can  not  be  explained. 

TTSING  NATITBAL  GAS  FOB  INCBEASINa  BECOVEBT  07  OIL. 

In  using  the  Smith-Dunn  process,  results  with  natural  gas  seem- 
ingly should  be  as  effective  in  forcing  oil  from  the  sand  as  the  use  of 
compressed  air,  and  in  additicm  presents  some  advantages  as  compared 
with  using  air.  The  principal  advantages  offered  by  the  use  of 
natural  gas. are:  The  gas  recovered  from  the  pumping  wells  would 
not  be  diluted  with  air  and  the  fuel  vtdue  decreased;  dangerous 
mixtures  of  air  and  gas  could  not  be  formed;  on  properties  where 
natural  gas  was  available  in  sufficient  volume  and  under  high  enough 
pressure  no  c<»npres8or  plant  would  be  needed ;  at  times  the  exhaust 
gases  from  gasoline  compressor  plants  could  be  employed  without 
further  compression. 

The  physical  effects  of  air  and  natural  gas  in  the  sand  are  much 
the  same.  More  of  the  natural  gas  will  go  into  solution  imder  the 
same  conditions,  but  whether  this  fact  would  prove  of  importance 

*  Arnold,  Ralph,  and  Garflas,  V.  R..  Methods  of  oU  recoyery  in  California:  Tech. 
Paper  70,  Bureau  of  Mines,  1914,  p.  21. 
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in  practical  operations  is  not  known.  Apparently  the  air  has  not 
affected  the  oil  unfavorably;  and,  so  far  as  the  writer  knows,  there 
would  be  little  choice  between  air  and  natural  gas  from  this  cause. 
Theoretically  air  or  any  other  gas  would  carry  just  as  much  gasoline 
vapor  as  natural  gas,  and  where  it  is  hoped  to  recharge  dry  natural 
gas  by  passing  it  through  the  oil  sand  probably  no  better  effects  will 
be  gained  than  with  air. 

The  effect  on  producing  oil  wells  of  admitting  natural  gas  into 
the  oil  sand,  accidentally  or  otherwise,  has  been  noted  many  times  in 
the  oil  fields.  I.  L.  Dunn  states  that  it  was  observing  such  a  case  that 
led  him  to  develop  the  process  of  using  compressed  air.  An  instance 
in  the  Gushing  field,  where  the  flow  of  a  comparatively  new  well 
was  greatly  increased  by  natural  gas  from  a  deeper  sand  getting 
into  the  oil  sand  has  already  been  mentioned.  It  has  been  reported 
that  gas  under  natural  pressures  has  been  used  at  various  times  to 
stimulate  oil  flows,  and  it  is  also  reported  that  the  exhaust  gas  from 
gasoline  'compression  plants  has  been  returned  to  the  oil  sand, 
principally  with  the  idea  of  recharging  it  with  gasoline  vapors. 

The  choice  between  natural  gas  and  air  will  usually  be  decided 
in  favor  of  the  latter  because  the  natural  gas  will  not  be  available, 
or  only  at  costs  relatively  prohibitive.  The  operating  method  will 
be  approximately  the  same,  and  what  has  been  said  about  operating 
with  air  will  apply  to  the  use  of  natural  gas.  If  the  natural  gas  is 
not  already  under  pressure,  it  will  have  to  be  put  through  a  com- 
pressor plant  in  the  same  way  as  air.  By  carefully  gathering  the 
return  gas  and  putting  it  through  the  compressor  again,  it  may  be 
circulated  in  a  closed  circuit  except  for  the  wastage  underground  and 
on  the  surface,  and  the  quantity  used  for  fuel.  By  careful  operation 
the  wastage  should  not  be  large.  In  the  early  life  of  an  oil  field, 
while  much  natural  gas  is  still  being  produced  with  the  oil,  it  might 
be  profitable  to  save  the  gas  and  put  it  back  into  the  oil  sand,  by 
this  means  both  accelerating  and  increasing  the  recovery  of  the  oil. 


INCBEASING  BECOVEBT  OF  OIL  BT  WATEB  DISPLACEMENT. 

GENEBAL  STATEMENT. 

Water  is  practically  considered  the  only  available  fluid  that  might 
be  forced  through  the  oil  sands  to  increase  recovery,  but  water — 
especially  fresh  water — ^has  usually  been  considered  the  arch  enemy 
of  the  oil  man,  and  the  necessity  for  excluding  it  from  the  productive 
strata  has  caused  the  use  of  casing,  packers,  cement,  and  other  mate- 
rials, which  have  greatly  added  to  the  expense  of  completing  an  oil 
well.  The  general  recognition  by  both  practical  and  technical  men  of 
the  harm  that  may  result  from  the  entrar\ce  of  water  into  the  oil 
sands  has  caused  the  passing  in  all  oil-producing  States  of  stringent 
laws  regulating  the  abandonment  of  wells  and  the  exclusion  of  water 
from  the  oil  sands.  The  displacement  of  oil  by  "  flooding  "  the  sand 
with  water  has  been  against  the  experience  and  the  judgment  of  the 
oil  men. 

Observations  that  water  will  displace  much  of  the  oil  from  labora- 
tory specimens  of  oil  sands  and  that  "  flooding  "  often  will  stimulate 
yields  of  oil  wells,  at  least  temporarily,  have  led  to  much  specula- 
tion regarding  the  possibilities  of  increasing  the  recovery  of  oil  by 
this  means.  These  facts  were  observed  early  in  the  history  of  oil 
production  in  the  first  fields  developed  in  Pennsylvania,  and  since 
that  time  flooding,  usually  on  a  limited  scale,  has  taken  place  in 
many  other  fields  and  under  a  great  variety  of  conditions. 

Often  the  first  intimation  in  a  producing  well  of  an  approaching 
flood  is  a  sudden  increase  in  oil  yield  without  apparent  cause.  Within 
a  short  time  the  jdeld  may  increase  many  fold,  this  yicrease  being 
maintained  for  periods  of  several  days  to  several  months,  and  even 
for  many  years,  as  in  the  Bradford  field.  The  yield,  after  increasing, 
is  not  apt  to  decline  until  the  water  makes  its  appearance,  then  the 
oil  is  usually  quickly  and  completely  cut  off  by  the  water  and  the 
well  becomes  valueless.  The  phenomena  of  flooding  are  so  familiar 
to  oil  men  that  they  regard  a  sudden  increase  of  oil  in  an  old  well, 
without  apparent  cause,  with  suspicion.  Frequently,  however,  the 
water  enters  a  well  without  increasing  the  yield  of  oil,  and,  in  Cali- 
fornia, water  has  been  known  to  enter  a  well  and  almost  cut  off  the 
>roduction  in  a  few  hours.  Ordinarily,  the  benefits,  if  any,  are  so 
ihortlived  and  so  much  less  than  could  have  been  reasonably  expected 
from  ordinary  producing  methods  that  flooding  in  nearly  all  fields 
is  regarded  as  a  deplorable  calamity. 
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In  nearly  every  instance  where  flooding  has  occurred  it  has  been  of 
accidental  origin  and  has  not  been  started  intentionally  for  the  pur- 
pose of  increasing  recovery.  The  causes  can  usually  be  traced  to  de- 
fective wells,  usually  abandoned,  or  to  the  encroachment  of  water  ris- 
ing from  the  lower  levels  of  the  productive  formation.  Ordinarily,  the 
producers  attempt  to  stop  or  to  localize  flooding  as  soon  as  discovered. 
Sometimes  a  whole  field  is  drowned  out,  but  more  often  the  flooding 
is  stopped  after  affecting  a  small  number  of  wells,  because  the  offend- 
ing wells  have  been  repaired  or  the  sand  has  been  practically  sealed 
up  with  cavings,  or  the  movements  of  oil  and  water  have  virtually 
ceased  because  of  the  depletion  of  the  water  supply.  However,  in 
nearly  every  field  will  be  found  some  wells  that  have  been  drowned 
out,  not  by  water  entering  the  sand  from  the  well  itself,  but  by  water 
coming  through  the  producing  formation.  At  times  the  producers 
have  endeavored  to  take  advantage  of  flooding  by  drilling  in  ad- 
vance of  the  water  or  by  trying  to  control  the  movements  of  the 
water  by  admitting  water  into  wells  situated  at  strategic  points.  The 
comparatively  few  successful  attempts  have  as  a  rule  caused  injury  to 
other  producers  in  the  same  field. 

Flooding  is  excellently  described  by  Carll  *  and  other  early  writers, 
who  note  the  effects  of  flooding  at  Pithole  and  in  other  early  fields 
in  Pennsylvania.  Carll  outlined  the  principles  of  flooding  and  came 
to  the  conclusion  that  terminating  the  life  of  a  nearly  exhausted  well 
by  displacing  the  remaining  oil  with  water  was  sound  in  theory, 
but  because  of  the  clashing  interests  in  a  field,  the  difficulties  of  con- 
trolling the  movements  of  the  water,  and  the  dangers  of  trapping 
oil  it  could  seldom  be  applied  advantageously.  Practically  the  same 
views  have  been  held  by  Huntley,*  Johnson,^  and  others,  who  main- 
tain that  the  fault  lies  not  in  the  theory  but  in  the  attempts  to  con- 
centrate the  oil  by  flooding  without  sufficient  data  as  to  underground 
conditions.  Among  the  oil  producers  themselves,  outside  of  the 
Bradford,  Pa.,  field,  flooding  has  been  regarded  with  almost  universal 
disfavor  because  of  their  many  unfortunate  experiences. 

Unlike  the  other  methods  for  increasing  recovery,  a  flood  passing 
through  the  sand  leaves  the  oil  not  brought  to  the  surface  practically 
irrecoverable.  After  any  one  of  the  other  methods  has  been  used 
the  sand  can  still  be  flooded  or  any  other  process  can  be  employed 
which  may  be  discovered  in  the  future,  but  flooding  marks  the  end  of 
the  field,  and  it  is  not  likely  that  it  will  ever  be  practicable  to  pump 
out  the  water  or  to  employ  other  methods.    For  this  reason  flooding 

•  Carll,  J.  P..  The  geology  of  the  oil  regions  of  Warren,  Venango,  Clarion,  and  Butler 
Connties :  Second  Geol.  Survey  of  Pennsylvania,  vol.  3,  1880,  pp.  256-289. 

*  Huntley,  L.  G.,  PoBslble  causes  of  the  decline  of  oil  wells  and  suggested  methods  of 
prolonging  yield  :  Tech.  Paper  61,  1913,  pp.  9-21. 

'Johnson,  B.  H.,  and  Huntley,  L.  G.,  Principleb  of  oil  and 'gas  production,  John 
WUey  &  Sons,  New  York,  1916,  pp.  141-144,  158-161. 
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should  not  be  employed  until  it  has  been  demonstrated  that  it  will 
recover  as  much  oil  as  other  methods  and  as  much  as  can  reasonably 
be  hoped  for  from  future  discoveries. 

The  chief  exception  to  the  generally  unfavorable  opinion  of  flood- 
ing held  by  the  producers  is  in  the  Bradford,  Pa.,  field,  where  a 
majority  of  the  oil  men  have  arrived  at  a  more  favorable  opinion,  so 
far  as  local  conditions  are  concerned.  Because  the  Bradford  field 
is  almost  the  only  place  where  flooding  is  carried  on  systematically, 
most  of  the  discussion  on  the  increasing  of  oil  recovery  by  displace- 
ment with  water  is  devoted  to  results  with  flooding  in  this  field. 
Natural  conditions  seem  to  be  exceptionally  favorable  at  Bradford 
for  the  use  of  flooding  and  even  the  most  enthusiastic  local  advocates 
believe  there  are  few  other  fields  where  flooding  would  be  even  partly 
successful,  and  that  what  has  been  accomplished  at  Bradford  can 
seldom  be  hoped  for  elsewhere.  The  exceptional  opportunities  in 
this  field  for  studying  the  effects  of  flooding  make  the  experiences 
and  opinions  of  the  Bradford  operators  well  worth  recording. 

THEOBY  AND  PBINCIFLES   OF  FLOODING. 

Flooding  is  based  on  the  theory  that  to  remove  the  oil  retained  in 
the  oil-bearing  formation  by  capillarity,  adhesion,  and  frictional 
resistance  after  the  exhaustion  of  the  gas,  something  must  be  intro- 
duced to  displace  the  oil  and  refill  the  spaces  it  had  occupied.  Water 
is  introduced  into  the  field  to  displace  the  oil  from  the  pores  in 
the  oil-bearing  formation,  concentrate  it  ahead  of  the  flood  of  water, 
and  force  it  into  pumping  wells  through  which  it  is  brought  to  the 
surface. 

Huntley  "  gives  the  following  summary  of  the  principles  of  flood- 
ing, to  which  the  writer  has  made  some  additions,  in  brackets : 

The  main  factors  affecting  the  flooding  of  an  oil-bearing  formation  may  be 
summarized  as  follows  (adapted  from  Garrl)  :^ 

(a)  Time  of  flooding — ^whether  early  in  the  process  of  operations,  while  yet 
a  large  percentage  of  oil  and  gas  remains  unexhausted,  or  at  a  later  period 
after  the  supply  has  suffered  from  long-continued  depletion. 

(5)  Composition  and  thickness  of  the  formation  [whether  loose  or  consoli- 
dated], whether  regular  and  homogeneous  throughout  or  composed  of  fine  sand 
Interbedded  with  irregular  layers  of  gravel,  in  places  lying  near  the  top  and 
in  places  near  the  bottom. 

(c)  Position  of  the  pool — ^whether  flat,  as  on  a  structural  terrace,  upon  a 

monoclinal  slope,  upon  the  crest  of  an  anticline,  or  at  the  Dottom  of  a  syncline 

[and  what  the  angle  of  dip  Is]. 

id)  Shai)e  [and  size]  of  the  area  being  flooded. 

(e)  Position  [and  number]  of  the  point [s]  at  which  water  is  admitted  in  ref- 
erence to  the  situation  of  surrounding  wells  still  pumping  oil. 


•  Huntley,  I*.  G.,  Possible  causes  of  the  decline  of  oil  wells  and  suggested  methods  of 
prolonging  yield :  Tech.  Paper  51,  Bureau  of  Mines,  1913,  p.  20. 

» Carrl,  J.  F.,  The  geology  of  the  oil  regions  of  Warren,  Venango,  Clarion,  and  Butler 
Counties :  Second  Geol.  Survey  of  Pennsylvania,  vol.  8,  1880,  p.  265. 


INCREASING   RECOVERY   OF   OIL  BY   WATER  DISPLACEMENT.       95 

(/)  Height  of  the  column  of  water  obtaining  admittance. 

(g)  Duration  of  the  water  sui^ly.  It  will  readily  be  seen  that  a  temporary 
flooding  in  comparatively  fresh  territory,  as  from  the  drilling  of >  new  wells 
without  casing  and  from  the  overhauling  of  old  ones  having  the  seed  bag  at- 
tached to  the  tubing  In  the  primatlve  way,  must  necessarily  be  a  different  affair 
from  a  flooding  caused  by  a  permanent  deluge  through  unplugged  and  aban- 
doned wells  in  nearly  exhausted  territory. 

(h)   [Character  of  the  oil  and  of  the  water]. 

These  factors  are  considered  in  detail  in  Huntley's  paper  and  some 
valuable  facts  are  given.  The  same  subject  is  also  considered  briefly 
in  Technical  Paper  130.*  Some  phases  of  the  subject  have  also  been 
treated  in  previous  paragraphs  of  this  report. 

Until  the  oil-bearing  formations  have  been  partly  exhausted,  little 
water  can  enter  and  extensive  flooding  is  seldom  possible.  It  can 
not  be  held  that  the  water  entering  the  sand  displaces  an  equal 
amount  of  oil,  that  is,  barrel  for  barrel,  for  part  of  the  water  occupies 
pores  from  which  the  oil  has  long  since  been  removed,  nor  does  the 
water  force  out  and  displace  all  the  oil  remaining  in  the  pores. 

The  water  entering  the  productive  formation  may  be  the  water 
generally  found  in  the  same  formation  at  lower  levels  which  rises 
into  the  productive  parts  upon  the  escape  of  the  gas  and  part  of  the 
oil  that  previously  had  held  the  water  in  place,  or  it  may  enter  from 
other  strata  and  even  from  the  surface  through  defective  wells.  It 
may  be  in  comparatively  small  quantities,  which  can  be  produced 
simultaneously  with  the  oil ;  or  it  may  enter  the  sand  in  such  large 
volumes  that  either  the  wells  can  not  be  pumped  at  all  or  not  profit- 
ably. The  water  may  enter  for  only  a  short  period  or  indefinitely. 
Most  oil  wells  produce  some  water,  and  in  the  eastern  and  middle 
western  fields  often  a  relatively  large  part  of  the  fluid  produced  dur- 
ing the  later  life  of  the  well  consists  of  salt  water.  In  the  eastern  and 
the  Mid-Continent  fields,  where  the  oil  is  light  and  of  paraffin  base, 
small  quantities  of  salt  water  are  generally  considered  more  bene- 
ficial than  injurious,  as  the  producers  believe  it  flushes  the  oil  from 
the  sand  and  lessens  the  deposition  of  paraffin  that  would  clog  the 
pores  and  obstruct  the  passage  of  the  oil.  In  California,  however, 
the  experienced  producers  regard  even  small  quantities  of  salt  water 
as  detrimental. 

HOW  A  FLOOD  SPREADS  THROUGH  AN  On.-B£ARINQ  FORMATION. 

If  the  oil  sand  were  level  and  the  conditions  were  uniform  in  all 
parts,  the  water  entering  from  one  well  would  spread  in  an  ever- 
widening  circle  whose  area  would  increase  as  the  square  of  the 
radius.    If  in  the  first  year  the  water  reached  100  feet  from  the 

•McMurray,  W.  P.,  and  Lewis,  J.  O.,  Underground  wastes  In  oil  and  gas  fields  and 
methods  of  prevention :  Tech.  Paper  130,  Bureau  of  Mines,  1916,  pp.  5-9. 
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well,  in  the  next  year,  assuming  the  same  quantity  to  enter  the  sand, 
the  water  would  travel  but  41.4  feet  farther;  in  the  third  year  31^ 
feet  farther;  and  each  succeeding  year  the  rate  of  movement  would 
become  less  and  less.  But  because  of  a  number  of  factors  always  or 
ordinarily  present  the  actual  decrease  in  rate  is  much  greater. 
Among  these  factors  are  the  increased  resistance  with  tiie  distance 
penetrated  and  the  quantity  of  oil  accumulated  ahead  of  the  water,  a 
tendency  for  the  pores  of  the  sand  to  become  clogged  with  silt  and 
waxes  and  for  the  flooding  well  to  become  choked  with  material  caved 
from  the  walls  of  the  hole  and  a  probable  diminution  of  the  water 
supply.  The  result  is  ordinarily  a  marked  slowing  up  of  the  spread 
of  a  flood  from  year  to  year,  unless  new  sources  of  water  are  added. 
It  has  been  noted  many  times  in  the  Bradford  field  that  the  water  may 
penetrate  200  or  800  feet  from  a  well  the  first  year;  but  after  several 
years  the  movement  is  apt  to  be  not  more  than  30  to  60  feet  yearly, 
and  when  a  distance  greater  than  500  or  600  feet  has  been  reached 
the  movement  becomes  exceedingly  slow  and  almost  ceases.  But  if 
the  water  enters  the  sand,  not  from  one  center  but  from  a  row  of 
wells,  or  is  encroaching  from  the  lower  levels  of  the  oil  sand,  the 
advance  of  the  flood  does  not  decrease  so  rapidly  from  year  to  year. 

A  modification  of  these  conditions  might  be  found  in  a  new  field. 
At  first,  before  much  oil  had  been  pumped  from  the  sands  and  while 
the  gas  pressure  remained  high,  the  water  could  not  enter  nor  moTe 
rapidly,  but  with  the  removal  of  oil  and  the  reduction  of  gas  pres- 
sure, the  flood  could  move  faster. 

As  the  oil  sand  is  never  level  nor  uniform  in  all  parts,  the 
water  does  not  move  equally  in  all  directions  nor  at  a  uniform  rate 
through  all  parts  of  the  sand,  and  the  greater  the  divergence  from 
these  ideal  conditions  the  more  irregular  in  shape  wiU  be  the  area 
affected.  Huntley  <>  has  described  the  movements  of  a  water  flood 
as  follows: 

When  water  is  admitted  In  large  quantities  It  tends  to  flow  out  in  various 
directions,  the  greatest  flow  following  the  line  of  least  resistance.  Owing  to 
the  differences  in  the  resistance  offered  by  sands  of  differing  porosities  and  to 
varying  amounts  of  gas  [or  oil]  in  the  rock,  this  movement  of  the  water  and 
oU  in  regions  of  low  monoclinal  dip — say,  15  to  20  feet  to  the  mile — will  extend 
up  the  dip  as  well  as  down.  The  movement  will  be  particularly  strong  in  the 
direction  of  very  porous  lenses  and  toward  pumping  weUs,  regardless  of  the 
effect  of  gravitation,  the  suction  created  by  the  pumping  wells  being  sufficient 
to  overcome  the  relatively  slight  tendency  of  the  fluid  to  flow  downward.  This 
effect  sometimes  causes  wells  situated  above  the  point  of  flooding  to  be  aflMed 
ahead  of  the  water  wave  and  abandoned  before  those  down  the  dip  are  affected. 
As  an  additional  result,  the  water  wave,  aided  by  irregularities  In  the  structure 
and  shape  of  the  pool,  will  sometimes  surround  bodies  of  oil  that  were  originally 

•  Hantley,  L.  G.,  Poraible  caased  of  the  decline  of  oil  wells,  and  saggested  methodi 
of  prolonglns  Ji^d  *•  Tech.  Paper  51,  Bureau  of  Mines,  1918,  i^.  18-19. 
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a  part  of  the  pool.  Two  or  three  such  isolated  pools  are  mentioned  by  Carll 
as  having  been  discovered  on  the  outskirts  of  the  Pithole  oil  pool  after  the 
central  part  had  been  flooded. 

Again,  lenticular  pebble  beds  or  lenses  of  unusually  porous  sand  may  form 
pockets  in  the  upper  part  of  an  oil  sand  and  may  catch  quantities  of  oil,  which 
are  retained  as  the  main  body  of  oil  a^j^vances  ahead  of  the  water  wave.  These 
pockets  furnish  the  oil  in  many  wells  that  are  entirely  surrounded  by  flooded 
territory  yet  continue  to  produce  a  little  oil  along  with  -large  quantities  of 
water. 

How  great  an  effect  the  porosity  and  size  of  the  sand  grains  and 
other  irregularities  in  the  contents,  character,  and  textxire  of  an  oil 
sand  have  upon  the  rela-      x  x.  x 

tive     resistance     may     be      wtlis  in  which  ffood shrtecf 

gained  from  the  figures 
quoted  from  Slichter  (see 
p.  18)  and  from  the  ex- 
periences gained  in  forcing 
air  through  oil  sands  in 
the  Smith-Dunn  process. 

Not  only  will  the  line  of 
least  resistance  be  down 
the  dip  and  toward  the 
pumping  wells  through  the 
most  coarse  and  porous 
parts  of  the  oil  sand,  but 
will  be  through  the  parts 
containing  the  least  oil.  A 
part  that  formerly  has  con- 
tained only  gas,  provided 
the  texture  is  not  too  tight, 
will  afford  less  resistance 
than  a  part  where  much  oil 
remains. 

These  differing  condi- 
tions in  the  oil  sands  that 
affect  resistance  are  at  times  more  important  than  a  considerable 
slope  in  the  formation,  as  is  shown  by  a  case  reported  from  the 
Coalinga  field,  California,  by  M.  J.  Kirwan,  State  deputy  petroleum 
and  gas  supervisor.**  In  spite  of  a  dip  of  27  feet  to  the  hundred  (over 
1,500  feet  to  the  mile)  the  water  traveled  faster  along  the  level  and  up 
the  slope  of  the  formations.  The  same  case  also  shows  the  irreg- 
ular movements  of  water  spreading  through  the  sand  from  one  well. 

•First  Annual  Report  of  the  State  Oil  and  Gas  Snpervisor  of  California  for  the 
Fiscal  Year  1015-16,  Bull.  78»  pp.  110-116. 
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Figure  26. — Diagram  showing  movementn  of  water 
on  oil  property  in  the  Kane  field  near  Brad- 
ford, Pa. 
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The  irregular  movement  of  a  "  water  drive  "  is  also  illustrated  in 
figure  26,  the  information  being  supplied  by  one  of  the  largest  and 
most  responsible  operators  of  Bradf  ord.  Pa.  The  flood  took  place  on 
a  property  in  the  Kane  field  near  Bradford,  Pa.,  production  being 

obtained  from  the  Kane  sand  which  under- 
lies the  Bradford  sand  by  265  fe^.  The 
flood  started  at  several  well  locations  from 
the  property  and  advanced  gradually,  af- 
fecting wells  a  and  6  first,  the  water  com- 
ing in  and  drowning  out  the  wells  almost 
simultaneously  with  the  increase  in  pro- 
duction, so  that  little  benefit  was  obtained. 
Wells  e  and  c  were  affected  next,  well  c 
being  drowned  out  quickly,  while  well 
e  produced  a  large  quantity  of  flood  oil  and 
was  not  abandoned  imtil  long  after  other 
wells  near  by  had  been  drowned  out.  Wells 
rf,  /,  A,  and  i  were  affected  progressively, 

"■TteUB-frtbrB^a^;:.'  ^«"s  ^  ^^^  /  h^^vi^g  been  drowned  out, 
Pa.,  field,  showing  how  short  while  wells  h  and  %  were  still  producing, 

but  the  water  passed  entirely  around  wdl 
^,  affecting  all  the  other  wells  near  by, 
although  well  g  was  not  affected  until  recently,  when  it  began 
to  make  much  water  and  a  little  more  oil  than  formerly.  At  the  time 
this  was  written,  of  the  48  wells  on  the  property  16  were  still  pro- 
ducing. 

As  the  water  will  travel  most  quickly  through  the  lines  of  least 
resistance  it  will  advance  through  one  layer  in  the  sand  and  drown 
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FiouRB  28. — Section  through  wells  a,  t,  c,  and  d  in  figure  27,  showing  probable  conditions 

in  the  oU  sand  being  flooded. 

out  the  wells  before  they  can  be  benefited  from  the  oil  that  has  ac- 
cumulated in  the  less  porous  parts  of  the  sand  which  will  always  lag 
behind.  This  principle  is  illustrated  in  figure  28,  which  is  the  prob- 
ible  explanation  of  the  actual  conditions  shown  in  figure  27.    It  also 
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explains  the  conflicting  reports  of  c(mditions  in  wells  drilled  into 
flooded  areas  in  the  Bradford  field,  where  some  operators  report  that 
the  sand  was  found  waterlogged  from  top  to  bottom,  as  in  well  a, 
figure  28,  whereas  others  found  that  only  a. minor  part  of  the  sand 
contained  water,  the  rest  of  the  sand  showing  oil,  as  between  wells  6 
and  <7,  figure  28.  Evidently  the  water,  when  it  enters  the  oil  sand, 
does  not  stratify  with  the  oil  making  a  level  surface  between  the  two 
fluids,  for  then  there  could  be  no  such  conditicm  as  is  shown  in  figure 
27  and  as  has  been  reported  in  other  instances,  where  of  three  wells 
drilled  within  150  feet  of  each  other  in  a  thick  sand  lying  practically 
level,  one  is  flooded  out,  one  is  producing  flood  oil,  and  the  third  is  not 
affected.  Either  the  water  advances  in  a  wall,  the  front  of  the  flood 
being  nearly  perpendicular,  or,  as  is  most  likely,  it  travels  fastest 
through  a  comparatively  thin  layer  in  the  sand  in  the  manner  illus- 
trated. 

In  view  of  the  many  variable  factors  influencing  the  movement  of 
the  water,  it  is  not  surprising  that  the  rates  at  which  the  water  travels 
and  the  area  affected  by  one  well  vary  widely  in  the  different  oil 
fields  of  this  country.  It  must  not  be  inferred  that  the  slow  move- 
ments of  water  shown  by  experience  in  the  Bradford  field  are  usual, 
for  they  are  evidently  unusually  slow  and  restricted  even  for  the 
eastern  fields.  In  contrast  the  water  has  been  known  to  travel 
through  the  sands  in  California  fields  distances  in  days  that  it  would 
take  years  to  advance  in  the  Bradford  field,  and  one  well  has  been 
known  to  seriously  injure  large  areas. 

An  instance  of  water  movements  through  oil  sands  under  condi- 
tions different  from  those  in  the  Bradford  field  is  reported  by  F.  B. 
Tough,  of  the  Bureau  of  Mines.  In  a  part  of  the  gusher  district  in 
the  Midway  field  of  California,  where  the  wells  are  3,000  to  3,500 
feet  deep,  the  oil  of  a  specific  gravity  of  27^  B.,  and  the  sand  fairly 
fine  grained,  the  pumping  of  one  well  that  was  badly  troubled  by 
water  would  decrease  the  proportion  of  water  in  another  well  situated 
farther  down  on  the  dip  and  400  feet  distant  from  70  per  cent  to  2 
per  cent  and  raise  the  oil  production  from  60  barrels  to  130  barrels 
daily  within  36  hours.  If  pumping  were  stopped  in  the  first  well,  the 
water  would  flow  through  the  sand  and  cut  off  the  production  in  the 
second  well  in  36  to  48  hours. 

Similar  cases  have  been  reported  elsewhere  in  California  fields, 
the  general  experience  being  that  water  travels  quickly,  irregularly, 
and  in  large  volumes  through  the  oil  sands.  From  the  Coalinga 
field,  Kirwan*  reports  an  instance  where  the  edge  water  encroached 
upon  the  extraction  of  the  oil  and  relief  of  gas  pressure  higher  up 
the  dip  in  the  oil  sand,  about  800  feet  in  6  years.    But  in  the  case 

•  Op.  ciU  p.  83. 
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previously  cited  where  flooding  was  caused  by  a  defective  well, 
another  well  about  1,000  feet  distant  was  aflfected  within  5  months.* 

RELATION  OF  GEOLOGIC  STRUCTURE  TO  FLOODING. 

Where  the  dip  is  low  its  effects  on  the  movement  of  water  are 
likely  to  be  less  than  that  of  other  factors,  as  at  Bradford,  but  where 
steep  it  may  be  the  controlling  factor  and  cause  practicaUy  all  the 
water  entering  the  oil-bearing  formation  to  flow  in  one  direction. 
In  such  a  case  there  will  be  a  tendency  for  the  water  to  follow 
channels,  and  there  is  not  likely  to  be  much  increase  of  oil  produc- 
tion in  wells  affected  by  the  flood  unless  the  water  is  introduced  at 
the  lower  edges  of  the  field  so  that  it  must  rise  up  the  dip.    Theo- 


A  B 

FiouRB  29. — Diagram  lllngtrating  the  theory  of  flooding  up  the  dip.  Water  is  let  Into 
the  well  and  rises  up  the  dip,  progressing  faster  and  reaching  equilibrium  first  In  the 
layer  of  least  resistance,  a,  as  shown  In  A.  If  the  water  column  in  the  weU  is  not 
Increased,  the  water  will  also  rise  in  the  tight  part  of  the  sand,  "b,  and  reach  equilib- 
rium, as  shown  in  B.  By  carefully  restricting  the  quantity  of  water  entering  the 
well  and  the  height  of  the  water  column,  it  is  sought  to  make  the  water  rise  equally  In 
all  parts  of  the  sand. 

retically  the  water  should  always  be  introduced  in  this  way,  because 
it  is  heavier  than  the  oil,  thus  forcing  the  latter  toward  the  higher 
parts  of  the  oil-bearing  formation,  but  the  movements  are  at  times 
so  slow  and  so  little  controlled  by  the  dip  that  sometimes  it  would 
be  impractical  to  flood  a  large  field  in  this  way,  as  in  the  case  of  the 
Bradford  field. 

It  has  been  suggested  that  the  troubles  arising  from  the  varying 
rates  of  movement  of  the  water  through  the  different  parts  of  the 
sand  caused  by  the  diverse  conditions  might  be  overcome  by  letting 
the  water  rise  up  the  dip.  This  principle  is  illustrated  in  figure  29, 
which  represents  the  simplest  conditions.  If  the  water  column  in 
the  well  were  maintained  at  the  same  height,  the  water  would  rise 
through  the  sand  up  the  dip  till  it  stood  at  the  same  level,  but  would 
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reach  this  level  first  in  layer  a,  which  offers  less  resistance  than  6, 
as  shown  in  A.  By  introducing  the  water  no  faster  than  it  would 
advance  through  6,  the  water  should  advance  on  a  level  through  the 
sand  as  shown  in  B,  so  that  the  trapping  of  the  oil  in  the  tighter 
parts  of  the  sand  would  be  lessened. 

In  the  practical  application  of  this  principle,  the  trapping  of  oil 
would  be  diflScult  to  avoid  even  where  flooding  was  carried  on  with 
complete  cooperation  among  the  producers  of  the  field,  and  after  the 
most  painstaking  investigations  of  the  underground  conditions  had 
been  made.  The  first  problem  that  suggests  itself  is  how  to  deter- 
mine how  fast  the  water  is  moving  through  the  different  parts  of  the 
sand,  and  the  rate  at  which  the  water  should  be  fed  into  the  sand  at 
each  well  to  avoid  the  faster  progress  of  the  flood  through  some  parts 
than  through  others.  If  the  sand  were  level  this  irregular  advance 
could  not  be  prevented  no  matter  how  slowly  the  water  were  let  in,  for 
the  principle  is  based  upon  keeping  an  approximate  balance  of  pres- 
sure between  the  water  that  has  risen  in  the  sand  and  that  standing  in 
the  well  (see  fig.  29).  If  the  sand  had  a  low  dip,  say  20  feet  to  the 
mile,  and  was  40  feet  thick,  the  water  would  have  to  advance  2  miles 
along  the  bottom  of  the  sand  before  it  would  strike  a  level  through  the 
sand  and  reach  equilibrium  in  all  parts.  To  prevent  irregular  advance 
of  the  water  and  trapping  of  oil  under  such  conditions  of  relative  dip 
and  thickness  of  sand,  which  approximate  the  conditions  in  most 
fields  east  of  the  Rocky  Mountains,  only  a  very  low  column  of  water 
could  be  held  in  the  well  and  consequently  the  advance  of  the  water 
in  a  field  like  the  Bradford,  where  the  advance  is  slow  under  water 
pressures  of  1,000  feet  or  more,  would  make  flooding  on  this  principle 
impracticable.  Where  the  dips  are  relatively  steep  it  would  still  be 
necessary  to  use  very  low  pressures.  It  must  be  remembered  that 
along  a  line  at  right  angles  to  the  dip,  the  bed  lies  flat  and  that  the 
water  entering  from  a  well  if  it  can  not  go  down  the  slope,  will  move 
laterally  rather  than  up  the  dip,  and  in  these  directions  the  conditions 
outlined  above  prevail* even  where  the  dip  is  steep.  For  this  reason 
the  flooding  would  have  to  be  started  along  a  row  of  wells  and  there 
would  be  difficulty  in  regulating  the  advance  from  each  well  because 
of  the  varying  resistance  and  dip  of  the  sand  from  place  to  place. 

The  rise  of  the  water  being  from  the  bottom  of  the  sand  upward, 
it  would  be  necessary  to  plug  the  bottom  part  when  the  water 
reached  the  well ;  otherwise  it  would  rise  into  the  well  and  increase 
producing  costs,  or  drive  the  oil  back  into  the  sand.  The  bottom 
plugging  of  the  hole  would  have  to  be  done  periodically  with  the 
rise  of  the  water. 

For  these  reasons  the  writer  believes  that  attempts  to  avoid  the 
trapping  of  oil  by  flooding  up  the  dip  can  seldom  be  successful  in 
practical  operations. 
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EFFECT  OF  HYDROSTAMC  PRESSURE  ON  FLOODING. 

If  the  water  is  under  high  hydrostatic  pressure  more  water  will 
enter  the  sand  and  it  will  move  faster  than  if  the  hydrostatic  head 
is  low,  but  there  has  been  some  confusion  in  regard  to  the  pressures 
actually  exerted  by  the  water  upon  the  oil,  and  the  effects  that  pres- 
sure has  in  displacing  the  oil  from  the  sand.  At  the  bottom  of  the 
well  where  the  water  enters  the  sand  the  full  hydrostatic  pressure  of 
the  column  of  water  standing  in  the  hole  is  exerted,  but  in  the  oil- 
bearing  formation  the  actual  pressure  exerted  becomes  less  and  less 
away  from  the  hole  in  accordance  with  well-known  laws  governing 
the  loss  of  head  or  pressure  of  a  fluid  flowing  through  pipes  or  sand 
in  which  there  is  frictional  resistance.  At  the  edge  of  the  flooded 
area,  where  the  oil  is  being  displaced  and  driven  ahead  of  the  water, 
the  actual  hydrostatic  pressure  exerted  may  not  be  large,  neither 
is  the  hydraulic  force  of  the  moving  water  much,  for  after  the  flood 
has  extended  for  a  distance  of  several  hundred  feet  from  its  center 
the  advance  often  becomes  very  slow.  For  example,  at  a  rate  of  100 
feet  yearly,  which  is  more  rapid  than  the  average  in  the  Bradford 
field,  the  advance  is  less  than  3^  inches  daily,  which  is  about  one- 
third  the  rapidity  of  the  movement  of  the  hour  hand  on  the  ordinary- 
sized  watch.  At  such  a  slow  rate  the  water  passes  through  the  sand 
quietly,  and  is  not  turbulent  nor  accompanied  by  agitation.  In  fields 
where  the  water  travels  most  rapidly,  as  in  California,  producticm 
is  not  often  increased  by  flooding. 

TRAPPING  OF  OIL  BY   WATER. 

How  oil  may  be  trapped  by  water  has  been  brought  out  in  former 
paragraphs.  It  may  be  caught  by  irregularities  along  the  top  of 
the  oil  sand,  or  by  barriers  in  the  oil-bearing  formation.  (See  fig.  2, 
p.  15.)  Because  of  the  diverse  conditions,  the  water  advances  more 
rapidly  through  some  parts  of  the  oil-bearing  formation,  surround- 
ing or  making  unavailable  the  oil  in  the  other  parts.  (See  fig.  28.) 
The  layers  in  the  oil  sand  are  seldom  uniform  for  long  distances 
along  the  bedding,  as  assumed  in  figure  28,  but  are  variable  even  in 
the  most  uniformly  bedded  sands  so  that  one  layer  may  be  porous 
in  one  place  and  tight  in  another,  or  the  partings  present  in  <me 
place  may  be  absent  in  another;  consequently  the  water  will  now  and 
then  cross  from  one  layer  into  another  ahead  of  the  oil  and  trap  it, 
or  the  oil  may  be  driven  into  pockets  and  held  there.  In  addition, 
the  converging  of  floods  starting  from  many  centers  and  the  tend- 
ency for  the  water  to  advance  to  and  drown  out  producing  wells 
ahead  of  the  general  front  of  the  flooded  area  greatly  increases  the 
quantity  of  trapped  oil.    The  more  irregular  the  conditions  in  the 
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oil-bearing  formation,  and  the  more  numerous  the  centers  of  flood- 
ing, the  less  complete  will  be  the  recovery  of  oil.  Once  the  water 
reaches  a  well,  production  seldom  can  be  continued  because  usually 
the  water  is  in  quantities  too  large  to  permit  profitable  operation, 
and  the  oil  remaining  in  the  sand  becomes  practically  irrecoverable. 

INCOMPLETE  DISPLACEMENT  OF  OIL  BY  WATER. 

It  has  been  shown  how  bodies  of  oil  may  be  trapped  in  the  oil- 
bearing  formation  because  of  the  irregular  structure.  Next  may 
be  considered  how  completely  the  oil  is  displaced  from  the  pores 
where  conditions  are  fairly  uniform  in  the  formation.  The  prin- 
cipal conditions  in  a  sand  being  flooded  are:  The  water  moves 
slowly,  without  agitation;  the  pressure  may  be  high  at  the  place 
where  the  water  enters,  but  is  likely  to  be  low  at  the  front  of  the 
flooded  area,  where  displacement  of  oil  is  taking  place;  ordinarily 
temperatures  will  be  somewhat  higher  than  the  average  surface 
temperatures;  the  water  may  be  fresh  or  salt;  the  oil  may  range 
from  the  lightest  paraffin  oils  to  the  heaviest  asphaltic  tars;  the 
oil-bearing  formation  may  be  fine  tight  sand,  loose  gravel,  or  vesicu- 
lar dolomitic  limestone. 

A  few  elementary  experiments  conducted  under  conditions  far  more 
favorable  than  could  be  hoped  for  in  oil  sands  underground,  indi- 
cate that  much  of  the  oil  may  not  be  removed  by  passing  water 
through  a  sand.  In  the  experiments  described  on  page  23,  fresh 
water  at  70°  F.  was  passed  through  tubes  of  well-drained  sand  con- 
taining 15  to  53  per  cent  of  the  original  volume  of  oil  with  which 
it  was  saturated,  yet  in  only  one  experiment  was  there  even  a  color 
cif  oil  on  the  water  after  it  had  passed  through.  Likewise  no  oil  was 
removed  from  sand  from  which  the  oil  had  been  expelled  by  com- 
pressed air  or  gas,  though  the  water  was  imder  60  pounds  pressure. 
This  series  of  experiments  covered  a  range  of  conditions  from  light 
crude  oil  from  Bradford,  Pa.,  ha^nng  a  gravity  of  41°  B.,  to  heavy 
California  crude  oil  with  a  gravity  of  14°  B.,  and  two  uncemented 
sands,  one  medium  grained  and  the  other  fairly  coarse.  When 
water  was  allowed  to  rise  through  sand  fully  saturated  with  oil, 
a  slightly  larger  percentage  of  oil  was  retained,  but  much  of  the 
oil  displaced  was  accompanied  by  a  larger  proportion  of  water  that 
would  have  made  production  unprofitable  in  the  field.  When  the 
sand  was  partly  drained  of  oil  before  water  was  passed  through, 
a  much  larger  proportion  of  oil  was  left  in  the  sand,  the  water 
showing  a  marked  tendency  even  in  the  upright  tubes  of  uniformly 
packed  sand  for  sidetracking  and  surrounding  bodies  of  oil.  For  ex- 
ample, a  tube  full  of  the  same  coarse  sand,  which  would  retain 
a  minimum  of  15  per  cent  of  the  Bradford  oil  after  long  drain- 
ing, was  saturated  with  the  oil,  22  per  cent  was  drained  out,  and 
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water  was  then  allowed  to  rise  slowly  through  the  bottom.  Thirty- 
seven  per  cent  more  oil  was  displaced  before  water  showed  at  the  top, 
and  then  an  additional  6  per  cent  with  almost  ten  times  as  much 
water  as  oil.  At  this  point  the  ratio  of  water  to  oil  in  the  mixture 
increased  to  20  times  as  much  water  and  quickly  to  100  times  as  much 
water  as  oil.  A  volume  of  oil  representing  35  per  cent  of  the 
capacity  of  the  sand  and  45  per  cent  of  the  original  quantity  of 
oil  remained  in  the  sand  when  the  water  had  reached  a  proportion 
that  would  make  production  unprofitable  in  a  welL 

These  experiments  show  that  the  water  enters  the  drained  pores 
first,  trapping  a  large  proportion  of  the  oil  in  the  undrained  pores. 
In  a  bed  of  oil  sand  partly  drained  and  lying  at  a  low  dip,  it  can 
reasonably  be  expected  that  only  a  small  proportion  of  the  oil  will 
be  displaced,  eveH  where  the  conditions  are  most  favorable.  From 
this  it  can  be  understood  how  even  at  Bradford  the  recovery  by  flood- 
ing is  still  but  a  small  fraction  of  the  apparent  content  of  the  sand. 
The  recurrent  floods,  reported  by  Himtley  as  taking  place  periodically 
at  Oil  Springs,  Canada  (see  p.  lOG),  yield  more  oil  on  each  advance 
and  recession  of  the  water,  showing  that  not  all  the  oil  is  driven  into 
the  wells  at  one  passage  of  the  water  through  the  formation. 

Johnson  has  suggested  the  use  of  compressed  air  in  conjimction 
with  water  in  flooding.  Johnson*  says,  "Theoretically,  it  would 
seem  wise  to  keep  the  wells  farther  down  the  dip  open,  so  that  com- 
pressed air  could  be  forced  in.  This  air,  bubbling  through  the  water- 
filled  sand,  ought  to  disengage  some  oil  that  the  moving  water  alone 
could  not  dislodge.  The  accumulation  of  the  air  in  little  domes  and 
pockets  in  the  top  of  the  sand  would  dislodge  oil  that  had  been  re- 
tained there,  so  that  it  would  move  on  up  the  dip  to  the  pumping 
wells.  Whether  this  compressed  air  system  will  warrant  the  expense, 
only  actual  trial  can  prove;  but  judging  from  the  outcome  of  labo- 
ratory experiments,  the  prospect  is  promising." 

In  the  Smith-Dunn  process  the  air  increased  the  yield  of  water 
quicker  than  the  production  of  oil,  and  hence  if  the  air  were  intro- 
duced in  large  volumes  it  may  be  expected  to  be  more  detrimental 
The  recurrent  floods,  reported  by  Himtley  as  taking  place  periodically 
might  aid  in  displacing  the  oil  from  the  sand  without  this  harmful 
effect;  but  it  can  hardly  be  expected  to  overcome  fully  tiie  chief 
practical  diflSculty  in  flooding  which  is  caused  by  irregularities  in  the 
sand  that  influence  the  movements  of  the  air  as  much  as  those  of  the 
water. 

HOW  OIL  MAY  PASS  BETWEEN  THE  WELLS. 

When  an  oil  sand  is  first  opened  up  the  pressure  is  fairly  uniform 
throughout  the  oil-bearing  formation,  and  a  well  drilled  into  it 

•Bacon.  B.  F.,  and  Hamor,  W.  A.,  The  American  Petroleum  Industry,  vol.  1,  1916, 
pp.  480-481. 
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becomes  the  center  of  converging  movements  of  the  oil  from  all 
parts  of  the  surrounding  area ;  but  when  the  oil-bearing  formation 
is  being  flooded  by  water  let  into  one  well,  the  motive  force  spreads  out 
from  the  center,  the  oil  accumulating  ahead  of  the  water  and  around 
the  edge  of  the  flooded  area.  As  the  flood  advances  the  oil  directly 
in  the  path  of  the  water  is  forced  into  producing  wells,  but  there 
is  little  force  acting  to  bring  the  oil  into  the  well  from  either  side 
along  the  front  of  the  flood.  This  condition  differs  essentially  from 
the  original  one,  for  there  is  now  no  force  to  bring  the  oil  in  from 
all  directions  toward  the  pumping  well,  the  force  being  applied 
practically  in  only  one  direction,  so  far  as  each  producing  well  is 
concerned,  so  it  is  very  likely  that  a  producing  well  gets  the  oil 
from  only  a  small  segment  along  the  front  of  the  flooded  area,  the 
rest  of  the  oil  passing  by  when  the  well  is  drowned.  The  quantity 
of  oil  obtained  from  a  well  during  the  approach  of  the  flood  may 
be  larger  if  it  is. an  old  well,  because  the  sand  has  been  more  com- 
pletely drained  around  the  well  and  oil  is  being  constantly  removed, 
so  that  the  oil  tends  to  move  toward  this  point  of  low  resistance. 
However,  this  also  creates  a  tendency  for  the  water  to  be  drawn 
toward  the  well,  and  probably  thp  water  reaches  and  drowns  produc- 
ing wells  in  advance  of  the  general  progress  of  the  flood.  In  the 
Coalinga  field,  California,  a  tendency  has  been  noted  for  the 
approaching  water  to  send  out  finger-like  projections  toward  the 
oldest  or  largest  producing  wells  or  where  the  sand  has  been  most 
completely  drained.  Because  of  this  tendency  for  oil  to  pass  by  the 
wells  it  is  desirable  to  drill  the  wells  close  together  and  place  the 
wells  of  each  succeeding  row  in  advance  of  the  flood  intermediate 
between  the  wells  in  the  row  ahead  to  prevent  some  of  the  oil  from 
being  trapped  between  wells.  This  is  one  of  the  reasons  why  wells  in 
advance  of  the  flood  are  drilled  close  together  in  the  Bradford  field. 

riiOODINO  IN  THE  APPALACHIAN  FIELDS. 

A  detailed  description  of  the  Bradford  field  and  the  results 
obtained  by  flooding  in  that  field  are  given  in  pages  108  to  117,  it 
being  considered  that  Bradford  presents  the  most  favorable  condi- 
tions for  flooding  and  the  best  experience  in  conducting  a  flood. 
A  few  instances  of  flooding  in  other  fields  where  the  yield  has  been 
affected  are  briefly  described  in  the  following : 

The  most  notable  of  the  floods  which  occurred  in  the  early  fields 
was  at  Pithole,  Pa.,  and  has  been  described  by  Carll.*  The  flood 
was  caused  by  lack  of  effective  ways  of  excluding  water  and  through 
lack  of  knowledge  of  the  effects  of  large  quantities  of  water  entering 

•  Carll,  J.  F.,  Tlie  geology  of  the  oU  regions  of  WarreD,  VeDango,  Clarion,  and  Bntler 
Counties :  Second  Oeol.  Surrey  of  Pennsylvania,  vol.  8,  1880,  pp.  268-260. 
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the  oil-bearing  formations.  The  flood  advanced  rapidly  and  irregu- 
larly, and  within  a  period  of  a  few  years  almost  the  whole  field  was 
drowned  out  Some  of  the  wells  in  the  path  of  the  water  showed 
remarkable  increases  in  yield  before  being  drowned,  but  attempts 
by  operators  to  foretell  or  to  control  the  movements  of  the  water 
were  usually  unsuccessful.  Carll  mentions  the  discovery,  after  the 
central  part  of  the  field  had  been  flooded  out,  of  several  isolated 
pools  of  oil  trapped  on  the  outskirts. 

Carll  also  describes  several  other  isolated  pools  of  trapped  oil  in 
the  Oil  Creek  field,  Pa.  Floods  in  other  Appalachian  fields  have 
usually  resulted  similarly  in  uncertain  movement  of  the  water,  tem- 
porary benefits,  and  trapping  of  oil.  Most  often  flooding  has  not 
paid,  though  occasionally  a  few  properties  have  been  considerably 
benefited,  and  it  may  have  been  the  cause  of  some  unusual  yields. 

FLOODINO  AT  OIL  SPBINOS,  CANADA. 

Huntley*  gives  the  following  description  of  a  flood  taking  place 
in  the  Oil  Springs  pool,  in  Lambton  County,  Ontario : 

The  entering  water  may  shift  the  whole  body  of  oU  from  its  original  position, 
the  extent  of  such  shifting  depending  on  the  dip  and  shape  of  the  pool  and  its 
underground  structure.  The  Oil  Springs  pool  in  Lambton  County,  Ontario,  is 
an  example.  When  the  pool  was  first  developed  it  produced  from  a  shaUow 
••  pay,"  an  open  vesicular  stratum  in  the  CJomiferous  limestone.  The  wells  were 
all  dug  and  were  cased  with  Scotch  casing  of  large  diameter.  At  the  time  of 
the  Fenian  raid  the  field  was  temporarily  abandoned.  When  operations  were 
later  resumed  it  was  found  that  the  lower  part  of  the  casing  in  a  great  number 
of  the  wells  had  been  corroded  away,  the  wells  had  caved,  and  great  quantities 
of  fresh  water  from  swamps  on  the  surface  had  flooded  the  oil-bearing  forma- 
tion. Deeper  drUling  developed  the  present  "  pay  **  stratum  at  a  lower  d^th, 
and  the  old  wells  were  abandoned,  as  they  could  not,  of  course,  be  plugged. 

In  recent  years  wells  drilled  through  this  shallow  stratum  showed  that  the 
water  had  decreased,  and  one  well  struck  oil.  Other  wells  were  drilled  and  an 
attempt  was  again  made  to  pump  off  the  water. 

These  operations  developed  the  fact  that  after  the  spring  rains  or  any  large 
freshet  quantities  of  fresh  water  seeping  Into  this  porous  formation  caused  the 
water  level  to  advance  up  the  sides  of  the  anticline  upon  which  the  pool  is 
situated,  carrying  before  it  a  considerable  body  of  oil.  By  pumping  certain 
wells  located  at  strategic  points  In  progressive  rotation,  as  the  water  and  oil 
advanced  or  receded,  considerable  oil  was  recovered. 

It  was  noticed  that  more  oil  was  recovered  upon  the  recession  of  the  wata^ 
than  upon  its  advance.  As  the  water  advanced,  a  part  of  the  oU  was  probably 
caught  and  retained  in  the  porous  irregularities  on  the  roof  of  the  stratmn. 
As  the  water  receded  these  were  again  taken  up  by  the  main  body  of  oil 
Increasing  its  quantity.  This  supposition  is  supported  by  the  fact  that  a  tevr 
wells  would  continue  to  produce  a  Uttle  oil  with  the  water  after  the  surrounding 
wells  had  all  been  fiooded  by  the  advancing  water.  This  theory  is  illustrated  in 
figure  30 ;  1  and  2  represent  wells  through  which  flooding  takes  place,  whereas 

•  Huntley,  L.  Q..  Possible  causes  of  the  decline  of  oU  wells  and  methods  of  prolonglot 
yield :  Tech.  Paper  51,  Bureau  of  Mines,  1018,  p.  10. 
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A«  A',  B,  and  G  r^resent  wells  pumped  successively  for  oil  as  the  water  changes 
the  relative  position  of  the  oil  body. 

One  well  is  reported  to  have  yielded  1,300  barrels  of  oil  in  three  days  before 
failing.  As  these  shallow  wells  must  be  worked  at  great  speed  to  effect  a  maxi- 
mum recovery  before  being  again  flooded,  pumps  of  large  diameter  and  quick 
stroke  are  used. 

The  reader  should  note  that  one  advance  or  recession  of  the  flood 
removed  only  a  part  of  the  recoverable  oil,  yet  ordinarily  the  operator 
must  be  content  with  what  is  obtained  during  a  single  passage  of  the 
water  through  the  oil  sand. 


FiQUBE  30. — Effects  of  flood  water  and  arrangement  of  wells  drilled   to  utilize   flood- 
water  pressure. 

FLOODING  IN  THE  KEBN  BIVEB  FIELD,  CALIFOBNIA. 


The  Kern  River  field  in  California  provides  another  instance  of 
the  effect  of  flooding  where  the  natural  conditions  differ  consid- 
erably from  those  of  the  other  fields  described.  Wells  in  this  field  are 
600  to  1^00  feet  deep,  the  oil  is  very  heavy  and  viscous  and  comes  from 
a  zone  of  unconsolidated  sands  several  himdred  feet  thick,  made  up 
of  sand  lenses  interbedded  with  layers  of  clay  irregular  in  thickness 
and  extent.  Large  quantities  of  water  entered  the  oil  sands,  some  of 
it  coming  from  strata  above  and  some  from  strata  underlying  the  oil 
sands.  So  much  water  accumulated  in  parts  of  the  field  that  many 
wells  were  abandoned  and  it  became  necessary  to  employ  special 
means  to  rid  the  field  of  water  in  order  to  continue  production.    Air 
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lifts  were  installed  by  which  large  quantities  of  water  could  be  brought 
to  the  surface,  and  by  pumping  certain  wells,  called  key  wells,  the 
water  level  was  lowered  in  the  adjacent  parts  of  the  field.  The  inva- 
sion of  the  water  into  the  sand  and  its  later  removal  had  noteworthy 
effects  upon  the  productiveness  of  some  parts  of  the  field.  Near  the 
center  of  invaded  areas  where  the  wells  were  most  affected  by  water 
the  productions  were  considerably  decreased,  whereas  the  productions 
of  wells  farther  away  were  appreciably  benefited.  After  the  air 
lifts  had  lowere4  the  water  level,  those  wells  which  had  been  benefited 
decreased  in  production,  and  in  one  part  of  the  field,  when  the  use  of 
air  lifts  was  discontinued  for  a  period  and  the  water  reaccumulated, 
production  increased  once  more  in  the  outlying  wells. 

FLOODINO  IN  THE  BBADFOBD  FIELD. 
HISTORY  AND  DESCRIPTION  OF  THE'fIBLD. 

The  Bradford  field  is  situated  in  the  northern  part  of  Pennsyl- 
vania, a  part  of  it  extending  over  the  line  into  the  StaJte  of  New 
York.  It  is  one  of  the  largest  fields  ever  developed  in  the  United 
States,  both  in  area  and  production.  Development  started  in  1869 
and  to  date  (1915)  about  230,000,000  barrels  of  oil,  nearly  one-third 
of  the  total  combined  productions  of  Pennsylvania  and  New  York, 
have  been  produced  from  about  85,000  acres,  with  an  average  yield  of 
about  2,700  barrels  per  acre.  The  wells  completed  early  in  the  life 
of  the  field  came  in  with  flows  ranging  up  to  several  hundred  barrels 
daily,  but  now  the  initial  yields  of  new  wells  average  about  three 
barrels  daily,  whereas  the  yields  of  older  wells  not  affected  by  flood- 
ing are  only  one-tenth  to  one-half  barrel  daily. 

The  Bradford  sand  is  the  third  in  the  local  series,  the  first  and 
second  sands  being  practically  nonproductive.    Ashbumer"  says— 

The  Bradford  oil  sand  Is  the  most  important  economic  stratum  in  the  nortli* 
em  tier  of  counties.  It  consists  of  gray  and  white  sand  of  about  the  same 
coarseness  as  the  ordinary  beach  sand  of  the  Jersey  coast ;  compact,  yet  loosely 
cemented.  The  average  thiclcness  of  the  sand  is  about  45  feet,  and  from  top  to 
bottom  the  sandy  strata  change  but  little  in  their  general  character.  It  Is  only 
when  specimens  from  successive  layers  are  placed  side  by  side  and  closely 
examined  that  any  difference  in  structure  can  be  noticed.  The  grains  of  sand 
are  angular,  vary  but  slightly  in  size,  color,  and  quantity  of  cementing  material, 
which  holds  them  together  in  their  rock  bed. 

The  same  homogeneousness  which  characterizes  the  vertical  section  Is  found 
to  exist  over  a  considerable  horizontal  area.  In  fact,  but  little  change  is  found 
to  exist  in  the  sand  obtained  from  wells  15  miles  apart,  or  in  the  sand  from  in- 
termediate wells. 

Operators  in  the  field  report  that  the  sand  near  the  top  is  apt 
to  be  hard  and  practically  nonproductive.    Most  of  the  sand  shows 

•  Ashburner,  C.  A.,  Report  R :  2d  Geological  Survey  of  PennsylvaDia  on  McKean  COn 
1880,  p.  75. 
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oil,  but  the  large  productions  obtained  during  the  early  lives  of 
the  wells  came  mostly  from  "pay  streaks,"  which  were  strata 
in  the  oil  sand  that  were  no  coarser  but  were  less  consolidated 
than  the  rest  of  the  sand.  These  "  pays "  are  usually  5  to  10  feet 
thick  and  may  be  in  any  part  of  the  oil  sand,  but  are  usually  in 
the  middle  part,  and  there  may  be  two  or  three  "pays"  in  the 
same  well  separated  by  tighter  parts  of  the  sand  or  by  shale 
breaks.  Frequently,  in  shooting  the  old  wells,  the  former  "  pays  "  do 
not  respond  as  well  as  the  tighter  parts  of  the  sand.  Other  writers 
besides  Ashburner  state  that  conditions  are  remarkably  uniform 
throughout  the  field  and  that  within  the  productive  area  not  3  per 
cent  of  dry  holes  have  been  drilled,  for  although  the  individual 
"  pays "  may  not  extend  over  the  whole  field,  there  is  usually  some 
pay  sand  in  every  well.  The  strata  lie  almost  horizontal,  the  aver- 
age dips  being  10  feet  per  mile,  according  to  Ashburner.  On  only 
one  flank  is  the  field  outlain  by  salt  water,  the  sand  being  either 
barren  or  containing  only  gas  on  the  other  edges  of  the  field. 

In  depth  the  wells  range  from  1,200  to  more  than  2,000  feet,  de- 
pending largely  on  the  topography.  Usually  the  only  casing  used 
is  to  exclude  fresh  water,  which  is  f oimd  within  300  to  400  feet  of 
the  surface  in  the  valleys,  and,  as  drilling  conditions  are  very  satis- 
factory, the  wells  are,  relative  to  their  depth,  inexpensive  even  for 
the  Appalachian  field.  Pumping  costs  are  low  because  it  is  seldom 
necessary  to  pull  the  casing,  pumping  trouble  being  infrequent,  but 
on  accoimt  of  the  small  productions  the  margins  of  profit  do  not 
permit  the  producer  to  make  extensive  repairs  and  replacements  ex- 
cept during  periods  of  high  prices,  and  usually  a  well  is  abandoned  if 
anything  goes  wrong.  Attempts  to  increase  production  by  gas  or 
vacuum  pumping  at  low  pressures  as  in  other  fields  have  been  gen- 
erally unsuccessful  and  gas  pumping  is  employed  only  to  relieve  the 
wells  of  back  pressure  in  order  to  increase  the  gas  supply  for  fuel 
and  for  making  gasoline  by  compression.  The  wells  are  not  usually 
pumped  by  "  powers  and  jacks,"  but  most  frequently  are  pumped  "  on 
the  beam  "  (see  PL  IV,  A)  or  by  air  or  steam  heads  (see  PL  III,  B). 
Air  compressed  in  compressors  driven  by  gas  engines  is  the  most 
common  source  of  pumping  power. 

OPINIONS  OF  THE  PRODUCERS  ON  FLOODING. 

Practically  the  only  place  where  flooding  has  been  even  compara- 
tively successful  is  in  the  Bradford  field,  where  conditions  are  ex- 
ceptionally favorable.  Flooding  has  been  going  on  in  this  field  for 
over  20  years,  although  it  is  only  within  recent  years  that  it  has 
received  favor  and  attention.  The  flooding  started  accidentally  from 
old  abandoned  wells  which  had  been  improperly  plugged  or  not 
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plugged  at  all.  Through  these  old  wells  fresh  water  from  sands 
near  the  surface  entered  the  oil  sand  and  drove  the  oil  to  the  piunp- 
ing  wells  near-by.  At  first  the  flooding  was  looked  upon  as  an  un- 
mixed evil,  but  when  it  was  found  that  yields  of  oil  wells  were 
greatly  increased  and  were  maintained  for  periods  of  several  years, 
and  more  profits  were  being  derived  than  otherwise  could  have  been 
obtained  through  an  indefinite  term  of  years  by  ordinary  pumping, 
some  of  the  operators  concluded  that  flooding  was  beneficial  and 
endeavored  to  make  use  of  the  principle  to  increase  the  production 
of  their  properties. 

Though  opinion  among  the  operators  in  this  field  is  by  no  means 
unanimous,  the  majority  of  the  men  working  in  the  field  appear  to 
favor  flooding  openly,  although  most  of  the  larger  producing  com- 
panies are  opposed  to  it. 

SOURCE  OF  THE  WATER  USED. 

As  stated  previously,  mostly  fresh  water  derived  from  shallow 
sands  is  being  used  for  flooding  in  the  Bradford  field,  and,  except 
for  the  salt  water  on  one  edge  of  the  field,  is  the  only  supply  in 
sufficient  quantities  and  under  sufficient  pressures  that  is  available. 
The  downward  migration  of  this  fresh  water  has  seriously  affected 
the  supply  for  domestic  use  in  some  parts  of  the  field,  and  it  is  re- 
ported that  springs  and  wells  have  gone  dry  in  the  vicmity  of 
some  properties  where  flooding  is  going  on.  Flooding  on  an  ex- 
tensive scale  in  this  field  as  in  others  is  largely  dependent  upon 
the  available  water  supply.  Doubtless  in  some  fields  and  in  some 
localities  flooding,  except  on  a  relatively  small  scale,  would  be  im- 
practicable from  lack  of  an  adequate  water  supply  under  sufficient 
pressure,  whereas  in  other  fields  or  properties  a  depletion  of  tiie 
fresh-water  supply  would  be  seriously  objectionable. 

The  flooding  first  originated  in  old  abandoned  wells  as  stated,  but 
it  has  been  claimed  that  some  operators  have  allowed  the  water  to 
enter  wells  by  raising  or  splitting  the  casing  or  have  conducted  the 
water  to  the  oil  sand  through  pipe.  Where  no  provision  has  been 
made  to  prevent  the  water  standing  against  the  walls  of  the  hole, 
they  cave  and  fill  the  hole,  or  mud  is  carried  into  the  sand  and  clogs 
it.  Also  the  water  is  likely  to  enter  some  of  the  sands  above  the 
Bradford  sand  and  be  wasted  or  pass  through  and  drown  out  other 
wells  in  advance  of  the  flood.  A  number  of  instances  were  reported 
by  operators  where  wells  were  believed  to  be  drowned  out  prema- 
turely from  this  cause. 

MOVEMENTS  OF  THE  WATER. 

As  stated  previously,  the  water  moves  more  slowly  every  year  that 
a  flood  continues.    At  Bradford  the  water  may  travel  200  or  800  feet 
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the  first  year,  but  in  succeeding  years  the  rate  will  be  much  less, 
and  when  the  flood  has  reached  a  distance  of  500  or  600  feet  from 
the  well  in  which  it  started,  movement  will  practically  cease,  unless 
water  is  introduced  through  other  wells  nearer  the  front  of  the 
flood.  Usually  it  is  reported  that  the  rate  of  progress  is  about  50 
feet  yearly.  In  what  was  probably  the  first  flood  in  this  field, 
started  about  25  years  ago,  the  water  is  reported  not  to  have  traveled- 
more  than  1,000  feet  in  any  direction  from  the  well  from  which  the 
flood  is  supposed  to  have  started,  and  within  this  area  of  about  70 
acres  14  wells  have  been  abandoned  and  10  are  still  producing. 
Generally  it  requires  several  years,  after  flooding  has  started  from 
a  well  in  this  field,  before  any  of  the  surrounding  wells  are  affected, 
and  after  the  flood  has  passed  the  next  well  the  rate  of  travel  is 
likely  to  be  35  feet  or  less  each  year,  so  that  it  would  take  10  or  20 
years  for  the  water  to  pass  from  one  well  to  the  next,  as  usually 
spaced.    Because  of  this  extremely  slow  movement  of  the  water,  it  { 

has  been  the  practice  to  drill  new  wells  close  in  advance  of  the  * 

flood  rather  than  wait  years  for  the  next  old  well  to  be  affected. 
Because  of  the  restricted  area  which  one  well  will  flood  and  the 
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very  slow  movement  of  the  water  through  the  oil  sand,  it  would  be  i 

impracticable  to  flood  the  whole  of  the  Bradford  field  except  from  | 

many  centers.  Theoretically,  it  would  be  desirable  to  start  at  the 
edges,  especially  from  the  lowest  levels,  and  to  let  the  water  advance  ^ 

up  the  .dips,  driving  the  oil  ahead  of  it,  toward  the  highest  level, 
but  in  a  large  field  like  the  Bradford  where  the  advance  is  so  slow, 
the  properties  in  the  interior  of  the  field  would  be  affected  only  after  x 

an  impractical  length  of  time,  for  at  the  average  rates  it  would  take  ^ 

the  water  50  to  100  years  to  travel  1  mile,  whereas  the  field  is  about  t 

18  miles  long  by  12  miles  wide.     Consequently,  if  it  were  desired  to  ** 

flood  the  whole  field,  it  would  be  necessary  to  let  the  water  into  J 

the  sand  at  many  points.    The  starting  of  the  many  flood  centers,  " 

even  with  carefully  prearranged  plans,  would  undoubtedly  accent- 
uate the  losses  from  trapped  oil  and  would  lead  to  inequitable  dis- 
tribution of  benefits. 

The  movements  of  the  water  in  the  oil  sand  at  Bradford  are  not 
as  irregular  as  in  most  fields  where  flooding  has  taken  place,  yet  the 
water  ^oes  not  spread  symmetrically  from  the  center  of  a  flood  and 
its  movements  can  not  be  predicted.  No  attempt  was  made  by  the 
writer  to  determine  the  effect  of  the  dip  of  the  oil  sand  in  detail  upon 
the  movement  of  the  water,  but  evidently  this  factor  is  not  as  im- 
portant as  other  factors,  such  as  the  texture  of  the  sand.  As  has  been 
shown  in  figure  28,  the  water  does  not  seek  a  level  and  stratify  with 
the  oil  through  the  whole  thickness  of  the  sand,  but  advances  most 
rapidly  through  a  comparatively  thin  part  of  the  sand  which  offers 
the  least  resistance. 
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PREPARING  WELLS  FOR  "  FLOOD  OIL." 

When  an  operator  becomes  aware  of  an  approaching  flood  he  puts 
the  wells  that  he  expects  will  be  affected  first  into  good  condition 
for  producing  the  larger  quantities  of  fluid  which  must  be  handled. 
Usually  the  wells  are  shot  and  thoroughly  cleaned  out,  and  the 
pumping  equipment  is  put  into  good  order.  It  is  becoming  the 
practice  to  drill  pockets  100  to  150  feet  below  the  oil  sand,  so  that 
when  the  production  increases  it  will  not  be  necessary  to  pump  the 
well  or  pull  the  casing  more  frequently  than  before.  If  the  existing 
wells  are  not  situated  to  take  the  best  advantage  of  the  flood,  new 
wells  are  drilled.  As  a  usual  thing,  as  soon  as  one  well  begins  to 
show  water  and  indications  that  it  may  be  soon  drowned  a  new  well 
is  drilled  a  short  distance  ahead,  sometimes  within  100  feet.  This 
close  spacing  of  the  wells  is  made  because  of  the  very  slow  move- 
ment of  the  water  and  because  of  the  tendency  of  the  oil  to  pass 
between  the  wells  if  far  apart.  Where  the  flood  is  moving  toward 
a  neighboring  property,  wells  may  be  drilled  along  the  line  to  pre- 
vent oil  from  being  driven  across. 

EFFECTS  OF  FLOODING  ON  ADJACENT  PROPERTIES. 

One  of  the  chief  objections  to  flooding  has  been  the  injury  to  other 
properties  near  by,  but  advocates  of  flooding  at  Bradford  maintain 
that  such  is  not  the  case  there,  and  that  the  neighboring  properties 
are  more  benefited  than  harmed.  They  point  to  the  fact  that  a  flood 
starting  on  their  own  property  drives  the  oil  toward  the  neighboring 
property,  which  is  bound  to  get  some  of  the  oil.  In  recognition  of  this 
tendency  for  the  oil  to  be  driven  across  the  property  line  and  to  be 
lost  to  the  owner  of  the  flooded  property,  the  operators  at  Bradford 
drill  wells  on  the  property  line,  it  being  maintained  that  practically 
all  the  oil  from  such  a  well  is  driven  into  it  by  the  flood,  and  that  the 
drain  on  the  neighboring  property  is  not  appreciable. 

On  the  other  hand,  the  adjacent  producers,  although  they  may  re- 
ceive some  oil  in  this  way,  are  subjected  to  a  flood  over  which  they 
have  no  control,  and  which  they  are  compelled  to  accept  no  matter 
what  their  beliefs  or  the  local  conditions  on  their  own  property,  nor 
can  they  be  assured  that  they  will  get  profits  as  great  as  might  be 
obtained  by  some  other  method,  such  as  the  Smith-Dunn  process,  the 
use  of  which  will  be  made  impossible  by  flooding. 

INCREASE  OF  PRODUCTION  BY  FLOODING  AT  BRADFORD. 

The  effect  on  a  producing  well  depends  largely  on,  its  distance 
from  the  flood  center,  and  it  is  commonly  reported  in  the  Bradford 
field  that  yields  of  the  first  wells  affected  are  not  increased  so  much 
nor  does  the  increase  last  so  long  as  in  the  next  wells.   The  first  wells 
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affected  have  sometimes  been  drowned  within  a  few  weeks  or  months, 
with  little  or  no  increase  of  production,  whereas  wells  located  far- 
ther away  have  produced  "  flood  oil "  for  several  years.  It  is  com- 
monly stated  by  both  advocates  and  opponents  of  flooding  that  the 
average  well  has  been  increased  from  its  former  production  of  one- 
tenth  to  one-half  barrel  daily  to  one  between  two  and  five  barrels, 
which  ordinarily  is  maintained  two  or  three  years.  Occasionally  the 
yield  per  well  is  increased  to  10  or  15  barrels  daily.  One  well  re- 
ported to  have  been  producing  only  one-third  of  a  barrel  daily  in 
1898,  just  before  being  affected  by  flooding,  was  reported  to  be  pro- 
ducing two  barrels  daily  in  1916,  after  being  affected  18  years.  Some 
wells  abandoned  many  years  ago  have  been  cleaned  out  and  made 
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FiGUBB  81. — Production  curve  of  a  property  affected  by  flooding  In  the  Bradford  field. 
Previous  to  August,  1013,  there  were  ten  wells,  later  two  new  wells  were  drilled  and 
an  old  well  abandoned.  Most  of  the  oil  comes  from  two  wells,  one  268  feet  from  the 
flood  welL  The  property  was  first  drilled  in  1870  and  is  in  the  center  of  the  field. 
An  adjoining  tract  was  too  poor  to  produce,  and  recently  three  wells  drilled  were 
unprofitable.     It  has  not  been  affected  by  the  fiood. 

productive,  and  it  is  claimed  that  in  a  part  of  the  field  formerly 
always  too  lean  to  be  profitable,  the  oil  had  been  concentrated  by  a 
flood  and  production  made  profitable. 

How  the  flood  affected  one  property  situated  in  the  center  of  the 
field  is  shown  in  figure  31,  the  daily  yields  at  intervals  during  the  last 
7  years  being  taken  from  the  company  records.  Although  only  a 
small  proportion  of  the  wells  were  affected  by  flooding,  the  yield  of 
the  whole  property  has  been  inci:eased  by  five  or  six  times.  Records 
of  the  same  company  showed  that  the  average  daily  yield  on  nine 
scattered  properties  in  the  field  was  one-eighth  barrel  per  well  for 
888  wells,  whereas  on  four  other  scattered  properties  on  which  18 
wells  out  of  128  were  producing  "flood  oil''  the  daily  production 
averaged  one-half  barrel  per  well.  Records  of  other  companies 
showed  increases  for  individual  wells  from  the  usual  production  of 
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less  than  one-half  barrel  to  as  much  as  12  barrels  daily.  One  of  the 
most  convincing  facts  showing  the  local  opinion  on  flooding  is  that 
wells  in  line  with  floods  sell  at  prices  considerably  above  the  average. 

It  is  claimed  by  the  advocates  of  flooding  at  Bradford  that  to 
date  no  property  has  been  entirely  flooded,  and  that  not  more  than 
2  or  3  per  cent  of  the  wells  in  the  field  have  been  drowned.  Re- 
ports on  wells  drilled  into  a  flooded  area  are  conflicting.  Some  op- 
erators report  the  oil  sand  to  be  completely  water-logged,  whereas 
others  report  water  only  in  part  of  the  sand  and  state  that  sometimes 
the  well  can  be  pumped,  but  more  frequently  there  is  too  much 
water  to  do  so.  An  example  of  a  well  section  through  a  partly 
water-logged  part  of  the  sand  is  26  feet  of  hard  sand  showing  oil, 
10  feet  of  light  brown  sand  showing  much  water,  and  18  feet  of  hard 
sand  showing  oil.  This  corresponds  to  the  condition  shown  between 
wells  B  and  C  in  figure  28. 

It  is  evident,  from  the  facts  cited,  that  flooding  has  greatly  in- 
creased recovery,  for  at  the  low  yields  reached  by  the  Bradford 
wells,  and  the  natural  decline  of  5  to  10  per  cent  yearly,  a  well 
would  have  to  be  operated  in  the  ordinary  way  for  an  almost  in- 
definite period  regardless  of  profits  to  obtain  the  yield  obtained  from 
the  average  well  affected  by  flooding.  Moreover,  more  wells  are 
drilled  to  the  same  acreage  than  formerly.  But  compared  with  the 
capacity  of  the  Bradford  sand,  the  recovery  is  still  low  for,  as  shown 
previously,  the  capacity  is  at  least  ten  times  greater  than  the  average 
recovery  in  the  field  to  date,  which  has  been  about  2,700  barrels  per 
acre.  Present  information  does  not  permit  a  positive  statement  that 
the  sand  ever  contained  this  much  oil,  but  there  are  strong  reasons 
for  believing  such  was  the  fact,  and  that  the  total  recovery  even  by 
flooding  has  been  and  will  be  only  a  part  of  the  content  of  oil. 

INCREASES  OF   PRODUCTION    BY    MARIETTA    PROCESS    AT   BRADFORD. 

Compressed  air  has  been  used,  so  far  as  known  to  the  writer,  on 
only  two  properties  in  the  Bradford  field  to  increase  production  and 
not  extensively  in  either  case.  Good  increases  were  obtained,  and, 
considering  the  circumstances  under  which  the  process  was  used,  the 
results  are  very  encouraging  for  the  use  of  compi'essed  air  or  gas. 
In  one  instance  gas  under  natural  pressure  was  turned  into  the  sand, 
but  both  the  volume  and  the  pressure  were  not  sufiicient  to  benefit 
production.  It  has  been  reported  that  on  some  properties  gas  from 
which  the  gasoline  has  been  extracted  by  compressor  plants  has  been 
returned  to  the  oil  sand,  and  that  the  dry  gas  was  enriched  again 
after  passing  through  the  sand,  but  it  was  not  stated  whether  pro- 
duction was  appreciably  increased.    In  order  to  compare  the  effects 
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of  the  Smith-Dunn  process  with  flooding,  the  results  on  two  prop- 
erties are  cited  herewith : 

Results  of  using  compressed  air  on  two  properties  in  the  Bradford  field. 

FIRST  PROPERTY.  SECOND  PROPERTY. 
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Production  was  increased  5  times. 


Production  was  increased  9  times. 


On  the  latter  property  air  was  forced  into  only  one  well,  but 
benefited  six  producing  wells  near  by.     (See  fig.  32.)     From  expe- 
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FiouRK  82. — Group  of  wells  in   the   Bradford  field,  Pennsylvania,   showing  the   effects 
of  compressed  air  from  one  air  well  on  oil  and  gas  of  surrounding  wells. 

rience  with  the  process  in  other  fields  it  is  known  that  when  air  is 
forced  into  the  sand  from  a  number  of  wells  over  a  large  area  the 
production  is  much  benefited.  Originally  a  pressure  of  60  pounds 
was  used,  which  was  raised  to  80  pounds,  with  a  marked  increase  in 
yield  of  oil;  then  to  125  pounds,  also  with  a  marked  increase  in 
yields,  but  at  this  pressure  the  gas  from  wells  near  by,  which  was 
being  supplied  to  a  small  town  for  domestic  consumption,  began  to 
show  more  air  than  was  thought  desirable,  and  the  use  of  air  was 
discontinued  and  natural  gas  under  natural  pressure  was  used,  but 
proved  to  be  insuflBcient  in  quantity.  Within  three  months  the  wells 
returned  to  their  normal  yields. 

These  figures  indicate  that  probably  yields  may  be  increased  in  the 
Bradford  field  as  much  by  compressed  air  as  by  flooding.    From  the 
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proportion  of  the  oil  in  the  sand  may  be  recovered,  for  evidently 
the  exhaustion  of  a  well  is  caused  more  by  the  exhaustion  of  the 
natural  expulsive  forces  than  by  the  depletion  of  the  supply  of  oiL 
If  the  natural  gas  associated  with  the  oil  is  permitted  to  escape 
imrestricted  and  without  performing  the  greatest  amount  of  work 
possible,  the  producer  is  lessening  the  quantity  of  oil  that  may  be 
obtained  by  natural  means.  Every  foot  of  gas  produced  wastefully 
may  be  considered  to  represent  a  quantity  of  oil  that  should  have 
been  brought  to  the  surface  by  using  the  gas  effectively.  It  appears 
logical  to  gage  the  efficiency  of  production  methods  by  the  relative 
volumes  of  gas  produced  with  the  oil  at  the  same  well.  If,  for 
example,  a  change  in  method  reduced  the  volume  of  gas  produced 
with  each  barrel  of  oil  from  2,000  to  1,000  cubic  feet,  much  more 
oil  could  be  recovered  eventually,  even  though  the  actual  daily  pro- 
duction of  oil  were  reduced  a  little  temporarily. 

Few  have  realized  to  what  a  degree  recovery  is  dependent  upon  the 
efficiency  in  utilizing  the  natural  gas  found  associated  with  the  oil, 
nor  that  it  is  possible  to  regulate,  at  least  partly,  the  conditicMis  of 
expulsion.  Little  effort  has  even  been  made  to  follow  out  the  prin- 
ciples of  utilizing  gas  pressures  in  practice,  and  on  account  of  con- 
flicting interests  along  property  lines  and  other  difficulties  it  may 
often  be  impossible  to  follow  out  these  principles  to  their  full  logical 
conclusion,  but  even  with  such  limitations  the  conservation  of  the 
natural  energy  offers  considerable  promise  for  increasing  produc- 
tion. Because  so  little  has  been  done  to  develop  this  phase  of  re- 
covery, all  that  can  be  done  in  this  publication  is  to  review  the 
principles  and  to  suggest  a  few  lines  for  experimentation  in  the 
field. 

From  the  use  of  compressed  air  for  increasing  production,  much 
valuable  information  may  be  derived  that  is  applicable  to  the  oil 
fields  before  the  exhaustion  of  the  gas.  Heretofore  it  has  been  diffi- 
cult to  trace  the  underground  movements  of  the  oil  and  the  gas  and 
to  connect  cause  with  result,  but  in  the  Smith-Dunn  process  tliis  can 
be  done  more  readily  and  the  effects  of  the  passage  of  various  volumes 
of  a  gas  under  different  pressures  can  be  noted  for  the  different 
conditions  foimd  in  the  oil  sands.  Many  of  the  principles  dis- 
closed by  the  practical  operations  of  this  process  also  apply  to  pro- 
duction by  natural  means,  such  as  "  by-passing,"  "  blowing  through,'' 
and  other  factors  that  cause  inefficiency  of  expulsion.  Though  the 
operator  will  not  have  control  over  the  source  of  energy  as  in  the 
Smith-Dunn  process,  nor  over  the  natural  underground  conditions,  he 
will  have  some  control  over  the  efficiency  of  expulsion  by  regulating 
conditions  at  the  producing  well,  and  a  study  of  how  this  is  done  in 
the  use  of  compressed  air  will  be  of  greatest  aid. 
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use  o:f  compressed  air  benefits  in  m  Aort  time,  osaally  within  m  fiew 
creeks,  every  well  on  m  property,  wiiereas  flooding  takes  years  for 
tlie   ^water  to  spread  from  one  well  to  the  next,  and  only  a  few 
^wells  on  a  property  are  affected  at  <me  time.    The  qnidc  boiefits  by 
air  is  an  eqieciaUy  desirable  feature  in  order  to  take  advantage  of  a 
period  of  high  prices:   To  apply  water  so  as  to  affect  all  parts  of  the 
property,  as  compressed  air  is  applied  in  the  Smith-Dunn  process^ 
^wonld  lead  to  the  trapping  of  large  quantities  of  oil  by  the  many  con- 
vergent flood&    Another  considerable  factor  is  that  the  flooded  prop- 
erty is  rendered  practically  valueless  except  for  the  equipment  that 
may  be  recovered,  and  probably  it  will  prevent  the  employing  of  any 
other  process  which  might  further  increase  the  recovery  of  oil  should 
they  be  discovered.    On  the  other  hand,  the  use  of  compressed  air  or 
gas  leaves  the  property  in  such  condition  that  flooding  or  any  other  9 

process  might  be  employed  if  it  should  be  proved  that  they  were  more  f 

profitable.    At  this  time,  when  it  is  by  no  means  certain  that  recovery  | 

by  flooding  even  under  the  comparatively  favorable  conditions  at  I 

Bradford  will  be  as  effective  and  profitable  as  the  use  of  air  or  natural  2 

gas,  it  would  seem  to  be  a  ^ort-sighted  policy  to  use  any  process  [ 

^^hich  would  permanently  damage  the  property  until  it  has  been  i 

demonstrated  whether  or  not  the  use  of  compressed  air  or  gas  would  : 

be  more  beneficial.  ^ 
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The  recovery  of  oil  may  be  divided  into  two  stages:  (1)  The  ex- 
pulsion of  the  oil  by  the  natural  forces,  and  (2)  the  use  of  external  J 
forces  after  the  natural  forces  have  been  virtually  exhausted.  So  ! 
far  only  the  second  phase  has  been  considered,  but  it  is  possible  to  . 
increase  recovery  by  more  effective  utilization  of  the  natural  gas 
found  associated  with  the  oil  underground.  Some  information  has  ( 
been  given  on  this  subject  by  Huntley*  in  Technical  Paper  51,  by 
Arnold  and  Garfias*  in  Technical  Paper  70,  and  by  McMurray  and 
the  present  author*'  in  Technical  Paper  180.  Discussion  is  limited 
here  to  increasing  the  so-called  eflSciency  of  expulsion,  and  the 
various  mechanical  devices  for  raising  oil  to  the  surface  are  not 
considered. 

There  is  a  definite  and  limited  amount  of  natural  energy  associated 
with  the  oil  in  each  field,  and  largely  upon  how  effectively  that 
energy  is  utilized  to  expel  the  oil  from  the  sand  will  depend  what 

•  Hvntleyt  L.  O.,  Posslbte  cauBm  of  the  decline  of  oU  wells  and  raggeeted  method!  of 
prolonging  yield :  Tech.  Paper  51,  Bureau  of  Mines,  1918,  82  pp. 

^Arnold,  Ralph,  and  Garfias,  V.  B.,  Methods  of  oil  Yecovery  in  California :  Tech.  Paper 
70,  Bnrean  of  Mines,  1914,  67  pp. 

« McMnrray,  W.  F.,  and  Lewis,  J.  O.,  Underground  waste  of  oil  and  gas,  and  methoda 
of  prolonging  yield :  Tech.  Paper  180,  Bureau  of  Mines,  1916,  28  pp, 
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I'ecords  of  properties  in  other  fields  there  is  reason  to  believe  that 
the  increased  yields  would  last  at  least  as  long,  and  probably  longer, 
than  with  water  flooding. 

BENEFrrS  FBOM  FLOODING  AND  FBOM  THE  SMITH-DTJNK  PROCESS. 

As  the  Smith-Dunn  process  is  at  the  present  time  the  only  method 
yielding  results  that  rival  those  of  flooding  at  Bradford,  compari- 
sons are  made  between  these  two  methods.  Consideration  must  be 
given  not  only  to  the  relative  total  recovery  from  flooding  and  other 
processes,  but  to  the  relative  profits  derived.  One  method  might 
result  in  the  recovery  of  a  greater  quantity  of  oil  and  yet  the  expense 
be  so  large  that  profits  would  be  much  less  than  for  processes  where 
the  recovery  was  not  so  complete,  and  it  would  not  be  fair  to  the 
producer  to  expect  him  to  employ  a  process  where  the  recovery  was 
larger  but  the  profits  disproportionately  small. 

Putting  the  water  into  the  sand  costs  little  or  nothing,  the  only 
special  equipment  necessary,  if  any,  being  a  casing  or  tubing  between 
the  water  sand  and  the  oil  sand.  It  is  the  practice,  when  a  flood  is 
expected,  to  put  old  producing  wells  into  thorough  condition,  which 
entails  some  additional  expense,  but  it  has  been  found  necessary  to 
drill  at  considerable  expense  many  new  wells  spaced  much  closer 
than  previously  in  order  to  protect  the  property  lines  or  to  prevent 
the  passage  of  "  flood  oil "  between  the  wells  and  to  get  the  benefits 
within  reasonable  time.  Wliile  the  well  is  producing  nothing  but 
''flood  oil"  the  current  pumping  costs  are  increased,  but  not  the 
relative  cost  per  barrel  until  the  well  begins  to  produce  water,  where- 
upon the  cost  rapidly  increases  until  it  becomes  unprofitable  to  pump 
the  well  longer.  For  these  reasons  the  actual  expense  of  flooding 
may  be  considerably  increased,  though  in  the  Bradford  field  this 
has  been  more  than  compensated  by  the  increased  yield.  For  ex- 
ample, a  property  with  16  wells  affected  by  flooding  showed  in 
one  month  early  in  1916  gross  receipts  for  oil  of  $1,951,  with  ex- 
penses of  $312.08,  whereas  another  property  with  14  wells  and  about 
the  same  acreage,  a  quarter  of  a  mile  distant,  showed  gross  receipts 
of  $156.77  and  expenses  of  $83.45,  this,  however,  being  only  the 
operating  costs  and  not  considering  the  cost  of  new  wells,  etc. 

There  are  no  data  on  which  to  make  a  close  comparison  of  the  actual 
cost  of  the  use  of  compressed  air,  as  compared  with  flooding,  in  the 
Bradford  field,  but  from  the  data  given  on  the  use  of  the  compressed 
air  in  other  Appalachian  fields  it  may  be  expected  that  the  costs 
would  not  be  much  larger  (exclusive  of  such  royalties  as  may  be 
paid  for  patent  rights),  and  probably  would  be  less  than  for  flood- 
ing, considering  that  flooding  requires  drilling  many  new  wells 
costing  $2,000  to  $3,000  or  more  apiece.    Another  factor  is  that  the 
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use  of  compressed  air  benefits  in  a  short  time,  usually  within  a  few 
weeks,  every  well  on  a  property,  whereas  flooding  takes  years  for 
the  water  to  spread  from  one  well  to  the  next,  and  only  a  few 
wells  on  a  property  are  affected  at  one  time.  The  quick  benefits  by 
air  is  an  especially  desirable  feature  in  order  to  take  advantage  of  a 
period  of  high  prices.  To  apply  water  so  as  to  affect  all  parts  of  the 
property,  as  compressed  air  is  applied  in  the  Smith-Dunn  process, 
would  lead  to  the  trapping  of  large  quantities  of  oil  by  the  many  con- 
vergent floods.  Another  considerable  factor  is  that  the  flooded  prop- 
erty is  rendered  practically  valueless  except  for  the  equipment  that 
may  be  recovered,  and  probably  it  will  prevent  the  employing  of  any 
other  process  which  might  further  increase  the  recovery  of  oil  should 
they  be  discovered.  On  the  other  hand,  the  use  of  compressed  air  or 
gas  leaves  the  property  in  such  condition  that  flooding  or  any  other 
process  might  be  employed  if  it  should  be  proved  that  they  were  more 
profitable.  At  this  time,  when  it  is  by  no  means  certain  that  recovery 
by  flooding  even  under  the  comparatively  favorable  conditions  at 
Bradford  will  be  as  effective  and  profitable  as  the  use  of  air  or  natural 
gas,  it  would  seem  to  be  a  short-sighted  policy  to  use  any  process 
which  would  permanently  damage  the  property  until  it  has  been 
demonstrated  whether  or  not  the  use  of  compressed  air  or  gas  would 
be  more  beneficial. 

HOBE  EFFECTIVE  ITmiZATION  OF  HATUEAL  PEESSTJBES. 

The  recovery  of  oil  may  be  divided  into  two  stages:  (1)  The  ex- 
pulsion of  the  oil  by  the  natural  forces,  and  (2)  the  use  of  external 
forces  after  the  natural  forces  have  been  virtually  exhausted.  So 
far  only  the  second  phase  has  been  considered,  but  it  is  possible  to 
increase  recovery  by  more  effective  utilization  of  the  natural  gas 
foimd  associated  with  the  oil  underground.  Some  information  has 
been  given  on  this  subject  by  Huntley*  in  Technical  Paper  51,  by 
Arnold  and  Garfias  ^  in  Technical  Paper  70,  and  by  McMurray  and 
the  present  author*'  in  Technical  Paper  130.  Discussion  is  limited 
here  to  increasing  the  so-called  efficiency  of  expulsion,  and  the 
various  mechanical  devices  for  raising  oil  to  the  surface  are  not 
considered. 

There  is  a  definite  and  limited  amount  of  natural  energy  associated 
with  the  oil  in  each  field,  and  largely  upon  how  effectively  that 
energy  is  utilized  to  expel  the  oil  from  the  sand  will  depend  what 

•  Huntley,  L.  O.,  Possible  causes  of  the  decline  of  oil  wells  and  suggested  methods  of 
prolonging  yield :  Tech.  Paper  51,  Bureau  of  Mines,  1918,  82  pp. 

^Arnold,  Ralph,  and  Garfias,  V.  B.,  Methods  of  oU  Yecovery  in  California :  Tech.  Paper 
70,  Bureau  of  Mines,  1914,  67  pp. 

•  McMurray,  W.  F.,  and  Lewis,  J.  O.,  Underground  waste  of  oil  and  gas,  and  methods 
of  prolonging  yield :  Tech.  Paper  180,  Bureau  of  Mines,  1916,  28  pp. 


118  OIL-EECOVEBY   METHODS. 

proportion  of  the  oil  in  the  sand  may  be  recovered,  for  evid^itly 
the  exhaustion  of  a  well  is  caused  more  by  the  exhausticm  of  the 
natural  expulsive  forces  than  by  the  depletion  of  the  supply  of  oil 
If  the  natural  gas  associated  with  the  oil  is  permitted  to  escape 
unrestricted  and  without  performing  the  greatest  amount  of  work 
possible,  the  producer  is  lessening  the  quantity  of  oil  that  may  be 
obtained  by  natural  means.  Every  foot  of  gas  produced  wastefully 
may  be  considered  to  represent  a  quantity  of  oil  that  should  have 
been  brought  to  the  surface  by  using  the  gas  effectively.  It  appears 
logical  to  gage  the  eflSciency  of  production  methods  by  the  relative 
volumes  of  gas  produced  with  the  oil  at  the  same  well.  If,  for 
example,  a  change  in  method  reduced  the  volume  of  gas  produced 
with  each  barrel  of  oil  from  2,000  to  1,000  cubic  feet,  much  more 
oil  could  be  recovered  eventually,  even  though  the  actual  daily  pro- 
duction of  oil  were  reduced  a  little  temporarily. 

Few  have  realized  to  what  a  degree  recovery  is  dependent  upon  the 
efficiency  in  utilizing  the  natural  gas  found  associated  with  the  oil, 
nor  that  it  is  possible  to  regulate,  at  least  partly,  the  conditi(ms  of 
expulsion.  Little  effort  has  even  been  made  to  follow  out  the  prin- 
ciples of  utilizing  gas  pressures  in  practice,  and  on  account  of  con- 
flicting interests  along  property  lines  and  other  difficulties  it  may 
often  be  impossible  to  follow  out  these  principles  to  their  full  logical 
conclusion,  but  even  with  such  limitations  the  conservation  of  the 
natural  energy  offers  considerable  promise  for  increasing  produc- 
tion. Because  so  little  has  been  done  to  develop  this  phase  of  re- 
covery, all  that  can  be  done  in  this  publication  is  to  review  the 
principles  and  to  suggest  a  few  lines  for  experimentation  in  the 
field. 

From  the  use  of  compressed  air  for  increasing  production,  much 
valuable  information  may  be  derived  that  is  applicable  to  the  oil 
fields  before  the  exhaustion  of  the  gas.  Heretofore  it  has  been  diffi- 
cult to  trace  the  underground  movements  of  the  oil  and  the  gas  and 
to  connect  cause  with  result,  but  in  the  Smith-Dunn  process  this  can 
be  done  more  readily  and  the  effects  of  the  passage  of  various  volumes 
of  a  gas  under  different  pressures  can  be  noted  for  the  different 
conditions  foimd  in  the  oil  sands.  Many  of  the  principles  dis- 
closed by  the  practical  operations  of  this  process  also  apply  to  pro- 
duction by  natural  means,  such  as  "  by-passing,"  **  blowing  through,'^ 
and  other  factors  that  cause  inefficiency  of  expulsion.  Though  the 
operator  will  not  have  control  over  the  source  of  energy  as  in  the 
Smith-Dunn  process,  nor  over  the  natural  underground  conditions,  he 
will  have  some  control  over  the  efficiency  of  expulsion  by  regulating 
conditions  at  the  producing  well,  and  a  study  of  how  this  is  done  in 
the  use  of  compressed  air  will  be  of  greatest  aid. 
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Maintaining  back  pressures  on  wasteful  wells  has  been  found  to  be 
the  most  effective  way  of  overcoming  the  waste  of  air  from  by- 
passing in  using  the  Smith-Dunn  process.  By  this  means  air  that 
otherwise  would  pass  through  the  sand  without  doing  much  work  is 
forced  to  take  channels  where  it  will  move  oil.  Usually  the  daily 
yield  of  such  wells  is  reduced,  but  sometimes  it  is  found  that  the 
production  of  oil  is  actually  increased.  It  is  suggested  that  the 
principles  embodied  in  the  method  of  maintaining  back  pressures  on 
the  oil  sand  by  a  liquid  seal,  as  shown  in  figure  4  (p.  45) ,  could  also 
be  used  advantageously  on  wells  before  the  supply  of  natural  gas 
has  been  exhausted,  in  order  to  prevent  the  wasteful  escape  of  gas 
beyond  the  amounts  that  would  expel  the  oil  most  efficiently.  The 
benefits  may  be  considered  to  extend  beyond  the  well  itself,  for  one 
well  may  waste  much  gas  that  otherwise  would  contribute  to  the 
production  of  other  wells  on  the  property. 

Quick''  has  made  some  interesting  observations  on  the  effects  of 
letting  water  stand  in  the  hole  while  the  wells  were  being  drilled 
through  the  oil  sands  and  during  the  periods  of  flush  production. 
Because  of  the  lack  of  effective  ways  of  excluding  water,  most  of  the 
wells  in  the  early  fields  in  Pennsylvania  had  water  standing  in  the 
hole  when  drilled  and  Quick  observes  that  such  wells  produced  more 
oil  than  has  been  the  case  since  the  practice  has  been  to  drill  the 
w^ells  in  dry.  The  column  of  water  in  the  hole  provided  a  liquid 
seal  that  prevented  the  excessive  escape  of  gas  and  consequently 
more  of  the  energy  was  used  in  expelling  oil  from  the  pores  in  the 
sands.  Moreover,  the  water  prevented  to  a  large  extent  the  lowering 
of  temperatures  from  the  expanding  gas  and  the  vaporization  of 
the  gasoline  in  the  oil  which  would  have  caused  ttie  deposition  of 
paraffin  and  waxy  sediment  in  the  pores  of  the  sand. 

The  following  method,  described  in  Technical  Paper  130,*  was 
first  applied  to  gusher  wells  in  California  that,  if  allowed  to  flow 
unrestricted,  would  "  sand  up  "  or  be  likely  to  get  beyond  control : 

In  some  of  the  CaUfomia  fields  wells  capable  of  producing  as  much  as  10,000 
to  15t000  barrels  of  oil  a  day,  and  making  in  addition  several  million  feet  of 
gas,  are  restricted  to  a  flow  of  1,000  barrels  a  day  or  less,  with  a  compara- 
tively small  flow  of  gas,  by  closing  the  well  to  a  flve-elghths-inch  or  one-inch 
opening.  It  has  been  found  that  the  ultimate  flush  production  from  such 
restricted  wells  has  almost  invariably  been  more  than  the  unrestricted  flow 
from  neighboring  wells. 

It  is  necessary  to  experiment  on  each  well  to  find  the  size  of  open- 
ing for  best  results  and  from  time  to  time  this  must  be  changed  as 
conditions  change  at  the  well.    If  the  opening  is  too  small  only  gas 

*  Quick,  M.  W.,  Has  Pennsylvania  370  yemrs  of  oil  left?:  Nat  Petroleum  News,  vol.  5. 
October,  1913,  pp.  1-3,  and  following  issues. 

*McMnrray,  W.  F.,  and  Lewis,  J.  O.,  Underground  wastes  in  oil  and  gas  fields,  and 
mothods  of  prevention :  Tech.  Paper  180,  Bureau  of  Mines,  1916,  p.  17. 
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may  be  let  through.  The  method  is  applicable  only  to  some  flowing 
wells,  and  about  the  same  results  have  been  obtained  by  maintaining 
back  pressures  through  gas-separating  traps.  The  effect  on  the  rate 
of  production  is  variable;  in  some  cases  considerable  back  pressure 
may  be  held  on  the  well  without  materially  diminishing  production. 
The  saving  of  vapors  in  the  gas  traps  has  in  a  number  of  instances 
increased  the  yield  of  oil. 

Though  it  has  not  been  established  definitely,  there  is  reason  to  be- 
lieve, from  experiments  and  from  experience  with  the  Smith-Dunn 
process,  that  there  are  pressures  of  maximum  efficiency  above  which 
energy  will  be  wasted  in  expelling  the  oil  by  gas  or  air.  The  natural 
pressures  found  in  an  oil  well  may  be  above  this  most  efficient 
pressure,  and  in  such  a  case  it  seems  possible  that  efficiency  may  be 
increased  by  maintaining  back  pressure  on  the  well.  The  maximum 
pressure  will  vary  from  well  to  well  and  during  the  life  of  each 
well,  and  what  back  pressure  to  hold  can  be  found  only  by  trial 
and  by  gaging  the  relative  volumes  of  gas  to  oil.  In  a  flowing 
well  in  California  it  was  found  that  a  certain  back  pressure  not  only 
decreased  the  relative  volume  of  gas  to  oil,  but  actually  increased  the 
yield  of  oil. 

One  of  the  most  obvious  wastes  of  energy  is  in  wells  where  the 
top  of  the  productive  sand  carries  gas  only.  If  the  gas  in  this  part  of 
the  formation  is  not  restrained,  it  will  escape  rapidly  and  dimini^ 
the  pressure  quicker  than  in  the  oil-bearing  part  of  the  sand,  and  is 
likely  to  become  a  by-pass  channel  into  which  gas  given  up  from  the 
oil  sand  will  be  fed  and  its  energy  wasted  without  doing  its  quota  of 
work.  Furthermore,  the  flow  of  gas  into  this  part  of  the  sand  is 
likely  to  carry  oil  with  it,  much  of  which  will  be  retained  in  the  pores 
and  can  not  be  recovered.  A  noteworthy  instance  is  reported  from 
the  Gushing  field,  Oklahoma.®  It  has  often  been  the  practice  not  to 
separate  the  gas-bearing  from  the  oil-bearing  parts  of  the  formation 
in  order  to  aid  the  flow  of  oil,  but  the  benefits,  if  any,  are  temporary 
and  in  the  long  run  it  would  pay  to  separate  the  gas  from  the  oil  by 
casing  or  packers,  that  the  gas  may  find  exit  only  through  the  oil- 
bearing  part  of  the  sand  and  aid  in  expelling  the  oil  rather  than  to 
become  a  means  of  wasting  gas  and  decreasing  recovery. 

•McMnrray,  W.  F.,  and  Lewis,  J.  O.,  Uodergroiind  wastes  In  oil  and  gas  fields,  and 
methods  of  prevention :  Tedi.  Paper  180,  Bureau  of  Mines,  1916,  p.  18. 
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ELECTRODEPOSmON  OF  GOLD  AlH)  SILYER 
FROM  CYANDE  SOLUTIONS. 


By  S.  B.  Chbibty. 


INTBODTICTION. 

This  report  on  the  electrodeposition  of  gold  and  silver  from 
cyanide  solutions  represents  work  that  has  occupied  my  time  at 
intervals  during  the  past  20  years.  The  investigation  has  been 
carried  on  simultaneously  with  my  duties  as  professor  of  mining  and 
metallurgy  of  the  University  of  California. 

During  this  long  investigation  I  have  been  assisted  in  the  details 
of  the  work  by^  a  number  of  my  former  students^  acting  in  turn  as 
assistants.  Particular  mention  in  this  connection  is  due  W.  H.  Hil- 
ton, who  graduated  in  1900;  C.  T.  Dozier,  1902;  N.  C.  Stines, 
1905;  H.  N.  Herrick,  1907,  and  L.  C.  Uren,  1911. 

It  is  impossible  to  publish  full  details  of  the  many  thousands  of 
experiments  performed.  Effort  has  been  made  to  present  only  the 
essential  data.  Wherever  possible,  the  results  of  the  experiments 
have  been  expressed  in  diagrammatic  form  by  curves  showing  the 
relation  between  the  simultaneous  variables  of  the  experiments. 

It  is  necessary  to  show,  as  nearly  as  may  be,  the  state  of  the  art 
This  is  difficult  because  of  the  meager  literature  cm  electrodeposition 
in  the  cyanide  process;  hence  resort  must  be  had  to  the  specifications 
and  claims  of  patents,  most  of  which  se^n  never  to  have  been  applied 
on  a  working  scale.  Such  information  consequently  can  not  be  taken 
at  its  face  value.  Expressing  the  essential  ideas  evolved  in  such 
specifications  is  no  easy  task.  Clearly,  in  quoting  from  patent 
records  it  is  not  feasible  to  enumerate  all  of  the  specifications  or  the 
claims  allowed  the  inventors.  A  statement  of  the  chief  contributions 
to  the  art  in  the  patent  cited  must  office.  Legal  details,  of  course, 
must  be  obtained  from  the  original  patent. 

In  the  study  of  patent  literature,  when  one  compares  the  ardent 
hopes  of  the  inventors  with  the  results  realized  from  their  efforts, 
it  becomes  clear  that  in  the  development  of  an  art  no  one  man  con- 
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tributes  everything.  Each  subsequent  inventor  stands  on  the  shoul- 
ders of  the  one  who  has  gone  before.  It  is  only  through  the  summa- 
tion of  the  contributions  of  many  inventors  that  the  art  as  a  whole 
prospers. 

On  October  19,  1887,  a  British  patent  was  granted  to  McArthur 
and  Forrest  for  the  use  of  dilute  cyanide  solutions  for  treating  gold 
and  silver  ores.    The  rapid  extension  of  this  process,  in  various 
forms,  all  over  the  world,  has  almost  revolutionized  the  treatment  of 
ores  containing  precious  metals.    It  is  a  remarkable  fact,  however, 
that  long  before  this  patent  was  granted  there  was  issued,  on  Febru- 
ary 5,  1867,  to  J.  H.  Rae,  U.  S.  patent  61866,  for  an  electrocyanide 
process.    Thus  a  method  of  electrodeposition  from  cyanide  solutions 
used  for  treating  ores  was  invented  20  years  before  the  McArthur  and 
Forrest  patent  was  granted,  although  the  process  did  not  come  into 
general  use. 

On  May  24,  1889,  U.  S.  patent  403202  was  granted  to  McArthur 
and  Forrest  for  the  use  of  zinc  shavings  for  removing  gold  and  silver 
from  cyanide  solutions.  The  use  of  finely  divided  zinc  is  still  the 
standard  method  for  recovering  gold  and  silver  from  cyanide  solu- 
tions. Since  this  patent  was  granted,  many  attempts  have  been 
made  to  replace  the  precipitation  upon  the  zinc  by  methods  of  electro- 
deposition.  It  is  the  purpose  of  this  report  to  give  an  outline  of 
some  of  these  methods,  as  well  as  to  show  the  relative  advantages  and 
disadvantages  of  the  zinc  and  the  electrical  methods  of  recovering 
gold  and  silver  from  cyanide  solutions. 

FBOCESSES  OF  ELECTBODEFOSTION. 

Processes  of  electrodeposition  may  be  divided  into  two  classes,  ac- 
cording as  the  action  takes  place,  in  the  presence  or  in  the  absence  of 
the  pulverized  ore  itself. 

ELECTBOBEPOSITION  IN  THE  PRESENCE  OF  THE  OBE  PTJIiP. 

All  the  processes  of  this  type  hitherto  invented  require  keeping 
the  ore  pulp  in  motion  by  mechanical  agitation.  This  is  necessary, 
because  otherwise  the  electrical  resistance  would  be  too  great  and  be- 
cause the  metal  would  be  deposited  in  filamentary  form  between  the 
ore  particles  and  would  be  diflScult  to  recover. 

PATENTED    PROCESSES. 

The  first  of  these  processes  was  that  of  J.  H.  Rae,  previously  men- 
tioned. The  patent  discloses  the  treatment  of  pulverized  ore  in  a 
vessel  containing  the  ore  together  with  a  solution  of  cyanide  of  potas- 
sium.   In  the  vessel  was  provided  a  metallic  agitator  which  acted  as 
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an  anode  and  kept  the  ore  in  suspension.  The  gold  and  silver  were 
precipitated  on  a  plate  cathode  suspended  in  the  solution  above  the 
anode.  Some  time  in  the  seventies  a  number  of  experiments  were 
made  with  such  a  process  in  a  modified  form  in  San  Francisco  with 
ores  from  Virginia  City.  The  experiments  were  conducted  in  an 
amalgamating  pan,  the  agitator  being  connected  with  one  pole  of  the 
battery  and  the  quicksilver  with  the  other  pole.  When  these  ex- 
perim^its  were  made,  it  is  reported  that  an  alternating  current  was 
used,  although  the  inventor  expressly  states  that  a  direct  current 
should  be  used.  The  results  obtained  were  claimed  to  be  slightly 
•better  than  those  with  plain  amalgamation,  but  were  not  enough  bet- 
ter to  warrant  continuing  the  process.® 

On  November  3, 1891,  a  patent  (TJ.  S.  patent  162535)  was  granted 
to  the  celebrated  Prof.  William  Crookes,  of  London.  This  patent 
was  for  an  electroamalgamation  process,  by  which  the  ore  was  to  be 
suspended  in  a  solution  containing  a  soluble  salt  of  mercury,  such 
as  sulphate,  nitrate,  or  cyanide.  The  patent  claimed  that  when  sus- 
pended ore  was  submitted  to  the  action  of  an  alternating  current  of 
electricity  the  gold  was  rapidly  amalgamated.  I  do  not  know 
whether  this  process  has  ever  been  tried  commercially,  but  from  my 
own  incomplete  study  of  it  I  do  not  think  that  it  is  likely  to  be  suc- 
cessful.   Other  and  more  recent  patents  are  the  following : 

H.  F.  Edwards,  U.  S.  patent  518543,  April  17,  1894.— An  amal- 
gamating device  consisting  of  a  vessel  containing  carbon  anodes  and 
mercury  cathodes.  The  solution  consists  of  cyanide  of  potassium 
and  ferrous  oxide.  The  use  of  ferrous  oxide  with  cyanide  is  enough 
to  put  this  process  out  of  consideration. 

Paul  Danckwardt,  U.  S.  patent  526099,  September  18,  1894.— A 
process  for  extracting  gold  and  silver  from  ores.  The  appliance  con- 
sists of  concentric  drums,  either  the  outer  or  the  inner  one  of  which 
is  made  to  revolve,  either  the  outer  or  the  inner  serving  as  an  anode 
or  a  cathode.  The  suggested  use  of  alkaline  sulphide  in  connection 
with  cyanide  of  potassium  seems  entirely  out  of  place;  and  no  bet- 
ter mechancal  devices  could  be  found  for  scouring  the  precipitated 
metal  from  the  cathodes. 

Pelatan  and  Clerici  were  granted  three  United  States  patents  as 
follows:  No.  551648,  December  17,  1895;  No.  553816,  January  28, 
1896 ;  and  No.  568099,  December  22, 1896.  These  patents  all  disclosed 
cast-iron  or  steel  agitators  which  acted  as  anodes,  and  amalgamated 
copper  plates  or  a  bath  of  mercury  which  served  as  the  cathode. 
They  differed  from  one  another  merely  in  the  mechanical  disposition 
of  the  agitator.  The  first  patent  showed  an  agitator  of  horizontal 
axis,  the  second  one  of  vertical  axis.    The  agitator  described  in  the 

•Jnllan,  H.  P.,  and  Smart,  Edgar,  Cyanidlng  of  gold  and  sliver  ores,  1904,  p.  143. 
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bird  comprised  a  belt  made  of  steel  with  attached  arms,  so  that 
^hen  the  belt  was  moved  by  rollers,  the  stirrers  were  carried  over 
[le  surface  of  the  mercury  so  as  to  agitate  the  pulp  continuously, 
lie  operation  being  carried  on  in  the  presence  of  a  cyanide  solution* 
Ixperiments  on  a  working  scale  with  this  process  were  conducted  by 
).  B.  Huntley  in  the  Delamar  mine,  in  Idaho,  and  I  learn  from  him 
lat  extractions  of  more  than  80  per  cent  were  obtained;  but  I 
nderstand  that  none  of  these  methods  is  now  in  use.  The  chief  ob- 
ictions  were  the  large  amount  of  power  used  in  fine  grinding,  and 
le  scouring  of  the  cathode.  The  process  was  replaced  by  cheaper 
aching  methods. 

E.  Motz,  U.  S.  patent  582077,  May  4,  1897.— This  covers  an  elec- 
•olytic,  rotated  drum.    The  ore  and  pulp  are  mixed. 

B.  Becker,  U.  S.  patent  588740,  August  24,  1897.— The  appliance 
msists  of  a  conical  tank  for  agitation  from  below  by  a  centrifugal 
ump.  A  part  of  the  overflow  passes  into  a  cylindrical  tank  having 
conical  bottom  and  containing  radial  or  concentric  vertical  anodes 
ud  cathodes.  The  coarse  gold  is  supposed  to  be  amalgamated  upon 
le  sides  of  the  first  or  agitating  tank,  and  the  dissolved  gold,  elec* 
ically  precipitated,  is  recovered  in  the  second  tank.  Circulation 
;  controlled  by  suitable  valves  so  that  only  the  finest  material 
asses  over  to  the  second  tank  for  electrodeposition. 

H.  S.  Badger,  U.  S.  patent  635544,  September  19,  1899.— Electro- 
nalgamating  barrel. 

L.  E.  Porter,  U.  S.  patent  639766,  December  26.  1899.— Electro- 
tic  barrel. 

C.  P.  Tatro  and  George  Delius,  U.  S.  patents  640717  and  640718, 
[arch  27,  1899. — Apparatus  and  process. 

W.  Witter,  U.  S.  patent  641571,  January  16,  1900.— Cyanogwi 
Btlide  produced  by  electrolysis  used  later  with  pulp. 
N.  L.  Turner,  U.  S.  patent  653538,  July  10, 1900.— Concentric  elec- 
*odes  in  tank. 

A.  J.  Irwin,  U.  S.  patent  689674,  December  24,  1901. — ^An  endlees 
letallic  belt,  as  anode,  supporting  the  pulp.  The  cathodes  are 
x)ve. 

H.  R.  Cassel,  U.  S.  patents  694349  and  694350,  March  4,  1902. — 
rocess  and  apparatus.  The  process  comprises  electrolysis  of  tlie 
iilp  with  salt,  followed  by  the  use  of  cyanide,  to  extract  gold  and. 
Iver. 

F.  T.  Mumford,  U.  S.  patent  706436,  August  5,  1902.— The  pulp 
contained  in  an  amalgamating  cylinder  of  copper-lined  steel.  The 
lodes  are  of  carbon. 

W.  H.  Adams,  jr.,  U.  S.  patent  745742,  December  1, 1903.— A  tank. 

provided  having  a  conical  bottom  and  an  agitating  device.     No 

aims  are  made  for  any  electrolytic  device,  but  one  is  disclosed  in  tlie 
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specifications.  On  account  of  the  lack  of  proper  means  for  circulat- 
ing the  electrolyte  between  the  inclined  electrodes  the  process  would 
probably  be  ineffective. 

Ernest  A.  Fahrig,  XJ.  S.  patent  756223,  April  6,  1904.— A  compli- 
cated systctai  of  agitating  pulp  in  a  series  of  inclined  electrodes 
placed  in  a  tower  down  which  the  muddy  solution  falls.  The  con- 
struction is  such  that  an  electrically  efScient  process  seems  impossible, 
scouring  and  other  interferences  being  sure  to  take  place.  An  appa- 
ratus so  arranged  is  not  easily  constructed  or  adjusted. 

E.  L.  Oliver,  U.  S.  patent  784120,  March  7,  1905.— An  apparatus 
for  cyanide-pulp  treatment.    A  cylindrical  tank  having  a  conical 
bottom  contains. vertical  cathodes  of  copper  plate  in  electric  contact 
with  a  horizontal  tube  containing  mercury,  in  such  a  manner  as  to 
allow  the  mercury  to  spread  by  diffusion  over  the  plate  as  the  gold 
and  silver  amalgam  form  upon  it.    The  anodes  first  specified  were 
•|-inch  sheet-iron  plates,  but  these  were  afterwards  changed  to  rods 
of  Acheson  graphite.    The  pulp  was  agitated  by  compressed  air 
which  entered  at  the  center  of  the  conical  bottom  and  forced  the  ore 
up  through  a  central  pipe,  causing  it  to  spread  out  in  the  solution 
and  fall  between  the  electrodes.    This  process  was  introduced  on  a 
working  scale  at  the  North  Star  mine  in  1903  and  was  continued  in 
use  there  until  1906,  during  which  time  more  than  $200,000  in  bul- 
lion was  recovered  at  a  profit.*    The  gold  amalgam  was  recovered 
in  a  stronger  cyanide  solution  by  changing  the  cathodes  into  anodes 
(after  U.  S.  patent  643096,  S.  B.  Christy).    The  process  gave  good 
results  for  the  treatment  of  low-grade  tailings.    An  actual  recovery 
of  about  75  per  cent  was  claimed.    The  difficulty  in  the  operation 
of  the  process  was  that  the  copper  plates  and  the  quicksilver  held 
back  valuable  metal.    There  was  also  considerable  gold  left  on 
the  anodes,  particularly  when  the  anodes  were  of  iron.    Many  of 
the  anodes  assayed  $70  per  ton,  and  even  as  high  as  $200  per  ton. 
Probably,  also,  there  was  a  considerable  loss  of  quicksilver.    The 
Acheson-graphite  anodes  worked  very  well  with  tailings ;  but  when 
an  attempt  was  made  to  treat  sulphide  concentrate,  sulphates  formed 
and  rapidly  oxidized  the  graphite  rods  which  soon  were  converted 
into  a  black  mud.    As  long  as  sulphates  were  absent  the  rods  were 
hardly  acted  upon.    The  process  of  precipitation  at  the  North  Star 
mine  has  since  been  replaced  by  C.  H.  MerrilPs  zinc-dust  process. 

W.  A.  Hendryx,  XJ.  S.  patent  785214,  March  21, 1905.— An  appara- 
tus for  the  extraction  of  metals  from  ores.  The  apparatus  disclosed 
in  the  patent  shows  a  vertical  cylindrical  tank  with  a  conical  bottom 
containing  a  central  tube,  in  which  is  placed  a  revolving  screw 
agitator  which  discharges  the  pulp  in  a  continuous  stream  at  the 

•  Bwaren.  J.  W.,  Historical  notes  on  the  air-lift  agitator :  Mln.  and  Scl.  Press,  yol.  108, 
Sept  80,  1911,  pp.  410,  411. 
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top  over  a  slightly  conical  deflecting  apron  so  as  to  expose  the  pulp 
in  a  thin  film  to  the  action  of  the  air.  The  pulp  then  descends 
through  a  series  of  electrodes  inclined  at  a  slight  angle.  The  anodes 
are  of  carbon  and  the  cathodes  are  of  thin  sheet  lead. 

W.  A.  Hendryx,  U.  S.  patent  836380,  November  20, 1906.— An  ore- 
treating  process  which  incidentally  required  the  electrolytic  appara- 
tus previously  describe^.  The  process  was  introduced  in  a  number 
of  places,  but  to  the  best  of  my  knowledge  the  electrical  part  has 
been  abandoned  and  the  apparatus  is  now  in  use  only  as  an  agitator. 

J.  A.  Comer,  U.  S.  patent  833999,  October  23, 1906.— A  patent  ap- 
plying chiefly  to  the  handling  of  pulp  by  compressed  air.  The 
electrical  part  of  the  device  embraces  nothing  novel. 

E.  J.  Garvin,  U.  S.  patents  809939,  January  16,  1906,  and  822940, 
June  12, 1906.<» — ^The.  apparatus  consists  of  a  cylindrical  agitator  ^hav- 
ing a  conical  bottom  and  containing  a  small,  inverted,  floating  cone 
in  the  center  and  a  small  funnel-shaped  hopper  at  the  top.  The 
pulp  is  made  to  circulate  by  a  centrifugal  pump  from  the  bottom  of 
the  conical  tank  over  a  series  of  amalgamation  plates,  electrically 
connected,  which  are  employed  for  amalgamating  any  coarse  gold. 
The  pulp  then  flows  through  the  hopper,  down  through  the  agitator, 
and  back  through  the  pump. 

The  upper  part  of  this  apparatus  contains  nearly  clear  water 
that  has  been  allowed  to  by-p^ass  over  the  top  of  the  agitator  to  the 
electrical  precipitation  device,  which  is  contained  in  a  rectangular 
box  with  a  cylindrical  bottonL    At  the  bottom  of  the  cylinder  is 
placed  a  small  quantity  of  quicksilver;  and  two  anodes  of  sheet  iron 
are  connected  on  either  side  of  the  cathode.    This  cathode  consists 
of  a  link  belt,  made  of  horizontal  copper  strips,  which  moves  slowly 
with  its  lower  end  submerged  in  quicksilver,  thus  keeping  the  sur- 
face amalgamated.    The  solution  passes  underneath  the  first  anode, 
up  through  the  lattice  belt  cathode,  and  thence  down  and  out.     By 
means  of  suitable  valves,  clear  or  nearly  clear  water  passes  through 
the  precipitation  tank.    The  coarse  gold  is  supposed  to  be  caught 
on  the  amalgamated  copper  plates  on  the  top  of  the  box,  and  the  dis- 
solved gold  on  the  copper-belt  cathode  of  lattice  work. 

Actual  working  results  by  this  process  are  not  given  in  the  descrip- 
tion, and  seemingly  it  would  be  difficult  and  expensive,  with  this  ap- 
paratus, to  get  sufficient  area  for  effective  precipitation.  Whether  it 
would  be  possible  to  prevent  mechanical  loss,  either  of  the  quicksilver 
or  of  the  gold,  from  the  cathode  is  perhaps  questionable,  especially 
as  the  descriptive  circular  states  that  the  liquor  flowing  into  the 
precipitation  box  is  not  always  clear,  but  is  usually  somewhat  turbid. 
The  company  at  Portland,  Oreg.,  formed  for  operating  the  process  is 
said  to  have  abandoned  it. 


•Garvin  Cyanide  Extraction  Co.,  Bull.  2,  1906. 
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DIFnCULTEES  OF  RECOVERING  GOLD  AND  SILrVER  FROM  CYANIDE  SOLUTION' 

IN  PRESENCE  OF  ORE  PULP. 

The  idea  of  recovering  gold  and  silver  from  cyanide  solutions  in 
the  presence  of  the  ore  pulp  appears  at  first  sight  attractive,  as  it 
offers  a  means  of  doing  away  entirely  with  the  great  difficulties  of 
filtration  and  decantation;  but  all  processes  founded  on  this  idea 
have  to  overcome  other  obstaclea  The  first  difficulty  is  that  the 
electrical  resistance  of  a  bath  containing  a  large  number  of  non- 
conducting particles,  such  as  quartz,  is  greatly  increased  over  that  of 
a  clear  solution.  A  second  is  that  the  deposited  metal  is  rapidly 
stripped  from  the  cathodes  by  the  scouring  action  of  the  moving  ore 
particles.  Such  mechanical  abrasion  causes  serious  loss.  When  the 
cathodes  are  of  mercury  or  amalgamated  copper,  a  third  difficulty 
results  from  the  surface  tension  of  the  mercury. 

I  contended  with  this  difficulty  in  experiments  made  in  June,  1889. 
In  these  experiments  I  used  as  an  anode  a  platinum  dish  containing 
roasted  pyritic  ore  that  assayed  3.38  ounces  gold  and  2.63  ounces  sil- 
ver.   The  dish  contained,  besides  the  ore,  a  10  per  cent  solution  of 
cyanide  of  potassimn.    The  battery  used  consisted  of  several  dry 
cells,  and  the  current  was  3  milliamperes.    The  time  was  20  hours.    I 
found  that  a  loosely  adherent  black  film  formed  on  the  amalgamated 
copper  cathode.    The  film  was  easily  shaken  off  into  the  ore  below. 
The  extraction,  by  difference,  was  86.7  per  cent.    I  repeated  the  same 
experiment  the  next  day,  using  as  before  a  platinum  dish  as  an  anode, 
with  a  10  per  cent  solution  of  cyanide  of  potassium,  and  above  the 
ore  I  placed  a  small  flat  porcelain  dish  (diameter  40  mm.)  contain- 
ing mercury,  into  which  was  inserted  a  graphite  rod  connected  with 
the  negative  pole  of  the  battery.    The  gold  and  silver  and  a  little  cop- 
per came  down  on  the  mercury  in  little  hair-like  particles  of*  about 
the  size  and  shape  of  the  upper  part  of  an  exclamation  point  ( !). 
They  stood  all  over  the  surface  of  the  mercury  in  an  erect  position 
like  quills  on  "  the  fretful  porcupine,"  being  buoyed  up  by  bubbles 
of  hydrogen ;  and  owing  to  the  surface  tension  of  the  mercury  amal- 
cramation  of  these  particles  was  difficult.    Violent  agitation  would 
sweep    the  particles  completely  away  from  the  mercury  surface, 
whereas  gentle  agitation  would  sometimes  cause  them  to  amalgamate. 
The  experiments  demonstrated  that  there  are  serious  difficulties 
connected  with  recovering  gold  and  silver  from  cyanide  solutions 
in  the  presence  of  the  moving  ore  pulp.    Although  a  fairly  good 
recovery  by  the  method  mentioned  is  not  impossible,  a  really  satis- 
factory method  has  not  yet  been  devised. 


In  confirmation  of  these  views  the  experiments  of  Bose''  may  be 
quoted.  Bose  found  that  with  cathodes  of  mercury  or  ajnalgamated 
copper,  and  with  a  current  density  greater  than  0.01  ampere  per 
square  foot,  a  part  of  the  gold  came  down  as  a  black  scum  floating  on 
the  surface  of  the  cathode  in  such  a  form  that  it  could  be  brushed 
off  with  a  feather.  In  the  successful  experiment  with  amalgamated 
copper  cathodes  there  were  used  0.7  volt,  0.01  ampere  per  square 
foot,  0.082  per  cent  KCy,  and  a  gold  content  of  20  ounces  per  ton. 
With  a  lower  densitjr  the  plate  remained  bright,  but  the  precipita- 
tion was  extremely  slow.  In  one  test,  in  which  mercury  alone  was 
used,  and  with  a  density  ranging  up  to  0.027  ampere  per  square  foot, 
less  than  1  per  cent  of  the  gold  appeared  in  the  form  of  the  black 
scum.  With  denser  currents  fully  half  the  gold  came  down  in  the 
form  of  this  scum,  which  could  not  be  amalgamated  except  by  the 
use  of  sodium  amalgam.  When  amalgamated  copper  was  used  as 
the  cathode,  the  copper  dissolved  in  the  cyanide,  in  spite  of  the  cur- 
rent, and  caused  the  destruction  of  cyanide.  Hence,  in  view  of  the 
high  cost  of  mercury  and  copper,  and  the  difficulty  of  removing  the 
gold  from  the  copper,  the  methods  requiring  mercury  or  amalga- 
mated copper  as  cathodes  do  not  seem  to  have  a  bright  future. 

ELECTBODEFOSITION  OF  GOLD  AND  SILVEB  FBOM  CLEAB 

CYANIDE   SOLUTIONS. 

Clear  solutions  are  obtained  by  either  decanting  or  filtering  the 
ore-bearing  solutions,  so  that  only  clear  solutions  containing  gold, 
silver,  and  possibly  other  metals,  as  double  cyanides,  have  to  be 
treated.  In  spite  of  the  difficulties  and  expense  of  decantation  and 
filtration,  these  steps  seem  to  be  necessary  for  satisfactory  results 
with  either  electric  precipitation  or  zinc  precipitation.  However, 
before  going  into  a  critical  study  of  methods,  two  questions  should 
be  answered,  namely.  What  is  the  valency  of  gold  in  cyanide  solu- 
tions? At  what  voltage  are  metals  best  precipitated  from  cyanide 
solutions? 

VALENCE  OF  GOLD  IN  ELECTROLYSIS  OF  CYANmE  SOLUTIONS. 

It  is  generally  admitted  that  the  gold  in  cyanide  solutions  from 
ore  treatment  is  monovalent,  as  KAuCyj,  but  there  seems  to  be  a 
general  assumption  that  in  electrolysis  gold  is  always  trivalent.  In 
Foster's  electrical  engineer's  pocketbook  ^  the  atomic  weight  of  gold  is 
wrongly  given  as  195.7,  and  that  of  silver  as  107.11.  Gold  is  plainly 
stated  to  be  trivalent,  and  the  amoimt  precipitated  per  ampere-hour 
is  given  as  2.4512  grams,  and  the  amount  of  silver  precipitated  per 
ampere-hour  is  given  as  4.0248  grams. 

•  Rose,  T.  K.,  The  electrical  precipitation  of  gold  on  amalgamated  copper  plates :  Trans. 
Inst.  Mln.  and  Met.,  London,  vol.  8,  1900,  p.  369. 

►Compiled  by  R.  S.  Woodward.  Jr.,  and  G.  S.  MlUer,  Jr.,  1910,  p.  1280. 
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Boeber  ^  does  not  (XMnmit  himself  on  the  valence  of  gold,  but  gives 
the  reader  a  free  choice  among  three  values.  Roeber's  article  is  one 
of  the  best  short  statements  of  modem  electrochemical  theories.  His 
data  in  regard  to  silver  and  gold  are  as  follows : 

Atomic  weight  of  silver,  107.93 ;  valence  1,  ampere-hour  4.025 
grams. 

Atomic  weight  of  gold,  197.2;  valence  3,  ampere-hour  2.451  grams; 
valence  2,  ampere-hour  3.677  grams;  valence  1,  ampere-hour  7.35 
grams. 

"Hiitte."  Taschenbuch  fiir  Eisenhiittenleute  (1902  edition)  gives 
for  silver:  Atomic  weight,  107.7;  valence  1,  ampere-hour  4.0269 
grams.  The  values  for  gold, are:  Atomic  weight,  196.2;  valence  3, 
ampere-hour,  2.4453  grams. 

Steinach  and  Buchner  ^  give  the  following  values :  Silver,  mono- 
valent, ampere-hour  4.026  grams;  gold,  trivalent,  amper-hour  2.445 
grams. 

Keith  *»  says  that  gold  is  trivalent  in  cyanide  solutions. 

According  to  the  International  Atomic  Weights  Committee*  the 
atomic  weight  of  silver  is  107.93,  with  a  possible  error  not  greater 
than  ±0.01,  and  the  atomic  weight  of  gold  is  197.2,  with  a  possible 
error  not  greater  than  ±0.1.  These  values  being  assumed  to  be  cor- 
rect, if  gold  is  monovalent,  for  every  grain  of  silver  precipitated  by  a 
given  current  1.837  grams  of  gold  should  be  precipitated  by  the  same 
current,  and  if  gold  is  trivalent,  for  each  gram  of  silver  precipitated 
there  should  be  precipitated  only  0.612  gram  of  gold. 

Of  course  gold  is  capable  of  reacting  in  at  least  two  cyanide  com- 
pounds— ^KAuCyj  and  KAuCy^ — ^the  former  of  which  is  monovalent 
and  the  latter  trivalent.  In  estimating  the  electrical  efficiency  of 
cyanide  precipitations,  it  is  absolutely  necessary  to  know  which  of 
these  values  to  choose  for  the  reactions  that  take  place.  To  investi- 
gate this  matter  I  prepared  three  separate  solutions,  as  follows: 
No.  1  containing  250  mg.  of  silver  as  nitrate.  No.  2  containing  250 
mg.  of  silver  as  KAgCyg  and  150  mg.  of  free  KCy,  and  No.  3  contain- 
ing 100  mg.  of  gold  as  KAuCyj  and  160  mg.  of  free  KCy.  The 
anodes  and  cathodes  in  solutions  1  and  2  were  both  of  pure  silver. 
In  solution  3  they  were  of  pure  gold.  Three  cells  were  thus  set  up 
in  series  with  a  storage-battery  cell  of  2  volts,  and  after  a  period  of 
1  hour  and  50  minutes  all  the  electrodes  were  weighed.  The  fol- 
lowing results  were  obtained : 

•.Roeber,  E.  F.,  Standard  handbook  for  electrical  engineers,  1908,  1,285  pp. 

*  Steinach,   Hubert,   and   Buchner,    Georg,   Die   galyinischen   Metallniederschlflge,   und 
deren  Ausfahmng,  Berlin,  1890,  258  pp. 

*  Keith,  N.  S.,  Electrolysis  of  gold :  Jour.  Inst.  Elec.  Eng.,  vol.  24,  1895,  pp.  236-260. 

*  Clarke,  P.  W.,  Seubert,  K.  E.,  and  Thorpe,  J.  E.,  Report  of  the  International  Com- 
mittee on  Atomic  Weights,  1903,  p.  5. 
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Experiment  1.  The  anode  (A)  lost  45.23  mg.,  and  the  cathode  (B) 
gained  43.22  mg.  The  silver  came  down  in  fine  crystals,  and  a  small 
proportion  of  these  was  miavoidably  lost  in  weighing,  which  ac- 
counts for  the  low  value  obtained. 

Experiment  2.  The  silver  anode  (C)  lost  45.12  mg.,  and  the 
cathode  (D)  gained  43.78  mg. 

Experiment  3.  The  gold  anode  (E)  lost  81.52  mg.,  and  the  cathode 
(F)  gained  76.69  mg.  It  will  be  noticed  that  the  gain  in  each  test 
was  slightly  less  than  the  loss,  even  in  experiment  1,  in  which  there 
was  mechanical  loss  in  weighing  the  cathodes. 

Let  us  compare  the  gain  of  the  gold  cathode  F  with  that  of  the 
silver-nitrate  cathode  B.  Dividing  F  \^y  B,  we  have  1.774,  and  com- 
paring the  gain  of  the  gold  cathode  F  with  that  of  the  silver  cathode 

F 

D,  both  values  being  in  cyanide  of  silver,  we  have  ^^-^  1.75. 

However,  as  there  might  be  a  slight  loss  in  weighing  the  cathodes, 
it  might  be  nearer  the  truth  to  compare  the  losses  of  the  anodes 
rather  than  the  gains  of  the  cathodes.  First  let  us  compare  the 
gold  loss  from  anode  E  with  the  silver  loss  from  anode  C,  both 
in  cyanide  solutions.  If  we  divide  E  by  C  the  quotient  will  be  1.807 
instead  of  1.837.  Supposing  the  metal  to  be  monovalent,  if  we 
divide  E  by  A  we  have  1.802  instead  of  1.837. 

It  must  be  evident  therefore  that  in  aurocyanide  of  potassium 
solutions  the  gold  acts  practically  as  a  monovalent  metal.  That  less 
gold  is  precipitated  than  is  dissolved  in  cyanide  solutions  is  probably 
due  to  the  presence  of  free  cyanide  of  potassium.  It  is  necessary 
however  to  have  a  certain  excess  of  cyanide,  as  if  there  is  no  excess, 
AuCyj  forms  on  the  anodes. 

Iron  is  sometimes  trivalent  qnd  sometimes  bivalent,  and  it  is  pos- 
sible that  similarly  gold  may  be  both  monovalent  and  trivalent.  It 
is  well  known  that  gold  does  exist  as  potassium  auricyanide,  but 
it  appears  that  the  aurocyanide  salt  is  much  more  stable,  the  auri- 
cyanide tending  to  break  down  into  the  aurocyanide.  However, 
there  seems  to  be  no  reasonable  doubt  that  in  estimating  the  electrical 
eflBciency  in  precipitation  processes  the  gold  should  be  considered 
as  monovalent. 

VOLTAGES    AT   WHICH   THE    METAL   IS    COMPLETELY    PRECIPITATED    FROM 

CYANIDES. 

This  is  a  subject  about  which  little  has  been  published.  Frieden- 
berg «  claims  that  the  precipitation  is  as  follows : 

K8HgCy4  complete  at  1.6  volts. 
KAgCya  complete  at  1.7  to  1.8  volts. 


«  Friedenbers,  Ztschr.  Phys.  Cbem.,  Bd.  12,  1891,  p.  97. 
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KAuCya  complete  at  1.9  volts. 

KaCuCy*  (with  i  to  1  part  KCy)  at  2  volts. 

KCuCY,  (with  10  to  15  parts  KOy)  at  2.5  volts. 

Some  precipitation  is  possible  at  lower  voltages  than  these. 
Theoretically,  complete  precipitation  would  require  an  infinite  volt- 
age, but  what  is  meant  by  the  author  quoted  is  precipitation  suffi- 
ciently complete  for  quantitative  purposes.  From  my  experience  I 
consider  the  voltage  given  for  copper  entirely  too  low.  Experi- 
ence shows  that  much  depends  on  the  amoimt  of  free  cyanide  and 
other  salts  present. 

The  figures  cited  are  to  be  regarded  only  as  lower  limits.  The 
author  states  that  the  precipitation  is  slow  at  these  voltages  and  pre- 
fers to  use  2.5  volts  for  gold.  The  figures  explain  the  low  results 
obtained  in  the  experiments  with  the  Keith  process  in  which  an 
average  voltage  of  only  0.75  was  used. 

• 

SIEMENS  A  HAU3KE  PROCESS. 

In  1888  Wemher  von  Siemens  first  applied  for  patents  (Heirs  of 
E.  W.  von  Siiemens,  U.  S.  patent  601068,  Mar.  22,  1898)  for  his 
process  of  electrical  precipitation  which  seems  not  to  have  been  intro- 
duced on  a  working  scale  until  1893.  The  process  had  previously  been 
patented  in  the  Transvaal  under  date  of  July  7,  1892,  patent  397. 
The  patent  covers  both  the  method  and  the  apparatus,  according  to 
the  patent  laws  then  in  force.  The  precipitation  method  claimed  is 
as  follows:  "A  method  of  extracting  gold  from  a  weak  cyanide 
solution,  which  consists  in  circulating  the  solution  over  anodes  of 
iron  and  cathodes  of  lead.  Said  cathodes  being  formed  of  thin 
plates  arranged  at  short  distances  apart,  and  have  from  9  to  10 
square  feet  of  surface  for  each  ton  of  solution  in  contact  with  them. 
Said  solution  while  in  motion  is  subjected  to  an  electrical  current 
of  from  3^  to  4  volts  and  0.5  to  1.5  amperes  per  square  meter  of 
cathode  surface  substantially  as  set  forth."  It  will  be  observed  that 
the  claims  aUowed  are  not  general  but  are  much  restricted  in  their 
nature. 

The  Siemens  process  was  first  introduced  in  South  Africa  through 
the  agency  of  Charles  Butters,  and  although  the  patent  shows  a 
centrifugal  pump  as  the  means  of  continuously  circulating  the  solu- 
tion through  the  deposition  box,  this  was  soon  abandoned  and  the 
process  was  applied  by  constructing  long  boxes  to  allow  the  gold  and 
sUver  to  be  deposited  sufficiently  by  a  single  flow  through  the  box. 
The  anodes  were  of  iron,  and  were  placed  3  inches  from  the  cathodes, 
which  were  made  of  thin  strips  of  lead.  As  soon  as  2  to  12  per  cent 
of  the  gold,  or  on  an  average  7  to  8  per  cent,  had  been  deposited  on 
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the  lead  cathodes,  the  lead  strips  were  taken  out  from  the  cells, 
melted  down,  and  cupelled. 

This  process,  popularly  known  as  the  "  Siemens  &  Halske  process," 
was  used  for  a  long  time  in  the  Transvaal  in  competition  with  pre- 
cipitation by  zinc  shavings,  hnd  was  fairly  successful  there  under 
the  management  of  Mr.  Butters.  However,  after  he  left  the  Trans- 
vaal, the  method  was  gradually  replaced  by  precipitation  by  zinc 
shavings,  the  latter  method  having  been  greatly  improved.  For 
some  time  the  Siemens  &  Halske  process  has  been  substantially  aban- 
doned in  Africa.  In  a  modified  form,  mentioned  later,  electrical  pre- 
cipitation is  still  used  by  Mr.  Butters  in  several  of  the  mines  under 
his  management. 

One  difficulty  with  the  Siemens  &  Halske  process  was  the  large 
size  of  the  box  necessary  for  effective  precipitation.  Mr.  Butters 
told  me  that  when  he  first  constructed  the  cells  some  of  his  English 
friends  asked,  "Are  you  constructing  stalls  for  horses?"  The  cells 
were  large  enough  to  have  been  used  for  that  purpose.  One  of  the 
reasons  for  the  large  size  was  the  necessity  of  avoiding  short  circuits. 
These  were  liable  to  be  encountered  owing  to  the  fact  that  the  anodes, 
in  the  presence  of  sulphates  and  chlorides,  contained  in  the  solution, 
soon  became  coated  with  warty  growths  of  hydrate  and  hydrated 
carbonate  of  iron  and  prussian  blue.  Hence  a  3-inch  space  was  left 
between  the  anodes  and  the  cathodea  The  maximum  daily  capacity 
was  not  usually  more  than  5  tons  of  solution  treated  to  each  box  hold- 
ing 1  ton  of  solution,  and  the  volume  treated  was  usually  much  less. 

There  have  been  many  descriptions  of  the  Siemens  &  Halske  process, 
but  most  of  them  omit  some  detail  necessary  for  calculation  of  the 
electrical  efficiency.  The  most  complete  description  of  the  essential 
details  of  the  process  that  I  have  been  able  to  find  is  that  by  Richards.® 

There  were  four  deposition  boxes,  each  30  feet  long  by  4  feet  9 
inches  wide  and  3  feet  deep.  Each  box  contained  110  iron  anodes 
and  110  cathodes  formed  of  bags  containing  5  to  10  pounds  of  lead 
shavings  the  extent  of  the  surface  of  which  is  problematicaL  The 
tanks  were  electrically  coupled  in  series,  2.6  volts  being  required  for 
each.  The  current  was  200  amperes.  Each  box  held  about  14  tons  of 
solution,  or,  allowing  for  the  electrodes,  10  to  12  tons,  so  that  the 
capacity  of  a  box  holding  1  ton  of  solution  would  have  been  4  to  5 
tons  a  day.  The  heads  assayed  80  and  the  tails  15  grains  gold. 
Hence,  only  about  81.5  per  cent  of  the  gold  content,  weighing  3,250 
grains  (0.464  pound  or  0.21  kilogram) ,  was  precipitated  at  this  rate 
of  flow  per  day.    Prof.  Richards  comments  as  follows : 

That  this  is  an  insignificant  amount  for  the  current  passing  (200  amperes), 
which  should  theoretically  deposit  34.56  kilograms  in  each  box,  is  patent  to  the 

•  Richards,  J.  W.,  The  cyanide  process  for  the  treatment  of  fold  oree :  ^oyr.  Franklin 
Inst,  vol.  143,  February,  1897.  p.  96, 
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^ectrometallurgist,  the  yield  being  only  0.6  per  cent,  but  it  must  be  remembered 
tliat  tlie  extraordinarily  dilute  solution  used  will  not  yield  up  its  gold  any  faster 
and  that  it  must  be  electrolyzed  slowly  to  get  any  sort  of  correspondence  be- 
tween the  power  used  and  the  gold  obtained. 

Under  the  conditions  of  the  Siemens  &  Halske  process  this  state- 
ment is  true,  but,  as  shown  later,  under  the  right  conditions  better 
results  can  be  obtained. 

If  we  assume  as  correct  that  7.35  grams  of  gold  should  be  precipi- 
tated in  1  ampere-hour,  it  follows  that  200  amperes  should  precipitate 
1,470  grams  each  hour,  or  in  24  hours  there  should  have  been  pre- 
cipitated 35.28  kg.  instead  of  0.21,  showing  that  the  efficiency 
w;as  only  0.59  per  cent,  which  is  essentially  the  same  as  that  of  Prof. 
Richards,  who  seemingly  used  a  different  constant.  The  gold  re- 
covery also  is  rather  low,  there  being  a  reduction  only  from  $4.26  to 
$0.64  per  ton. 

Julian  and  Smart's  excellent  book,**  giving  details  of  the  Siemens 
&  Halske  method  of  electrical  precipitation,  has  been  carefully  ex- 
amined to  see  whether  it  presented  data  that  could  be  used  in  calculat- 
ing the  electrical  efficiency  of  the  process.  Although  Table  31  con- 
tains 18  columns  of  data,  it  is  not  complete  enough  for  a  reliable 
calculation  of  the  electrical  efficiency. 

However,  by  making  some  assumptions,  approximations  may  be 
possible. 

Thus  a  high  precipitation  is  cited  as  being  obtained  at  the  Croesus 
works  where  seemingly  the  gold  content  is  said  to  be  reduced  from 
48  grains  to  a  trace.  However,  the  authors  do  not  state  the  current 
density  per  square  foot  of  cathode  surface,  but  it  probably  was  not 
higher  than  that  cited  for  other  operations,  namely,  0.04  ampere  per 
square  foot.  Only  one  precipitation  box,  containing  38.8  tons  of 
solution,  was  used,  50  tons  being  treated  in  24  hours.  On  the  basis 
of  a  1-ton  box  the  rate  would  be  1.29  tons  of  solution  per  24  hours. 
The  cathode  area  is  given  as  7,680  square  feet.  If  we  assume  the 
current  density  to  be  0.04  ampere  per  square  foot  we  shall  have  307 
amperes,  or  7,368  ampere-hours,  a  day.  Precipitation  should  then 
be  at  the  rate  of  7.35  grams  of  gold  per  ampere-hour,  or  54.155  kg. 
of  gold.  The  heads  are  said  to  have  contained  48  grains  and  the 
tails  a  trace.  If  we  assume  all  of  the  gold,  48  grains  per  ton,  to 
have  been  precipitated,  the  recovery  for  the  50  tons  of  solution  would 
be  2,400  grains,  or  0.156  kg.  of  gold  actually  precipitated.  Dividing 
0.156  by  54.155  gives  only  0.288  per  cent  as  an  electrical  efficiency. 
Hence,  although  the  recovery  is  rather  high,  the  capacity  per  ton  of 
box  capacity  is  only  1.3  tons  of  solution  a  day,  and  the  electrical 
efficiei^cy  is  less  than  0.3  per  cent,  which  is  one-half  that  calculated 
by  Richards. 


•  Julian,  H.  p.,  and  Smart,  Edgar,  Cyanlding  gold  and  silver  ores,  1904,  p.  143. 
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The  figures  as  presented  by  Julian  and  Smart  for  the  May  Con- 
solidated plant  may  next  be  considered.    Two  results  are  given — the 
one  covering  the  solution  coming  from  the  sand  tank,  and  the  other 
covering  the  solution  from  the  slimes.    In  the  sand  tank  6  boxes  were 
used,  containing  138.2  tons  of  solution.    These  treat  300  tons  a  day. 
Consequently  the  capacity  on  the  basis  of  a  1-ton  box  is  2.25  tons  a 
day.    The  cathode  surface  is  not  given.    If  we  assume  it  to  be  the 
same  as  the  anode  surface,  13.824  square  feet,  with  a  current  density 
of  0.04  ampere,  we  shall  have  a  total  of  553  amperes,  or  in  24  hours, 
13,271  ampere-hours.    This  current  should  precipitate  97.542  kg.  of 
gold.    As  a  matter  of  fact  the  head  solution  assayed  120  grains  of 
gold  per  ton  and  the  tail  solution  18  grains,  or  there  was  precipitated 
102  grains  per  ton.    For  the  300  tons,  with  the  weights  converted  to 
kilograms,  there  was  precipitated  1.982  kg.  of  gold,  or  the  electrical 
efficiency  was  2.03  per  cent,  according  to  the  data  ^ven  and  the 
assumptions  here  made.    But  it  is  altogether  probable  that  the 
cathode  surface  was  much  larger  than  that  of  the  anodes.    Hence  the 
efficiency  would  be  much  less  than  that  stated.    The  precipitation  is 
rfither  high,  being  over  93  per  cent,  but  the  capacity  is  low,  being 
one-half  of  what  I  obtained  with  my  experiments  at  Bodie. 

Considering  the  May  Consolidated  slime  plant,  we  find  that  the 
solution  was  treated  in  four  boxes,  containing  181  tons,  in  which  320 
tons  was  treated  each  day.  At  this  rate  a  1-ton  box  would  have  a 
capacity  in  24  hours  of  1.73  tons,  a  lower  rate  than  was  obtained 
from  the  sand  solution.  There  was  16,892  square  feet  of  anode  sur- 
face. The  cathode  surface  is  not  given,  but  was  probably  larger 
than  that  of  the  anode  surface,  and  if  the  surface  of  each  be  assumed 
to  have  been  the  same,  with  a  current  density  of  0.04  ampere,  the 
daily  current  of  16,220  ampere-hours  thus  obtained  should  have  pre- 
cipitated 119.22  kg.  of  gold.  As  a  matter  of  fact  the  head  solution 
contained  only  24  grains  of  gold  and  the  tail  solution  2.4  grains. 
There  was  actually  recovered,  per  ton,  21.6  grains  of  gold,  or,  from 
320  tons  there  was  precipitated  0.448  kg.  of  gold.  This  when  divided 
by  119.2  gives  only  0.376  per  cent  electrical  efficiency.  If,  as  is 
probable,  the  cathode  surface  was  larger  than  the  anode  surface,  the 
electrical  efficiency  would  be  still  lower. 

MOLLOT  PROCESS. 

The  following  description  of  the  MoUoy  process  is  taken  from 
Julian  and  Smart :  ^ 

This  process  was  patented  in  the  Transvaal  in  1882  by  B.  O.  MoUoy,  where 
it  was  employed  for  some  months.  It  consists  in  passing  the  gold-bearing  solu- 
tion over  a  surface  of  mercury  in  which  sodium  was  continuously  deposited. 

•Julian,  H.  F.,  and  Smart,  Edgar,  Cyanlding  gold  and  silyer  ores,  1904,  p.  158. 
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An  ingenictusly  devised  apparatus  was  employed  which  consisted  of  a  large 
shallow  tray  covered  with  mercury,  down  the  center  of  which  was  a  narrow 
compartment,  with  sides  that  dipped  slightly  into  the  mercury.  In  this  com- 
partment was  placed  a  strong  solution  of  sodium  carbonate  which  was  electro- 
lyzed,  the  mercury  at  the  bottom  being  the  cathode,  and  the  anode  was  of 
X)eroxidized  lead.  As  the  sodium  deposited  and  accumulated  in  the  mercury 
within  the  compartment  it  diffused  to  the  mercury  on  the  outside,  over  which 
a  constant  stream  of  gold-bearing  solution  was  itept  flowing.  The  gold-bearing 
molecules  dissolved  as  they  came  in  contact  with  the  sodium  amalgam  surface, 
were  decomposed,  and  gold  amalgam  formed. 

The  process  was  ably  developed  by  Dr.  A.  Simon,  who  employed  it  on  a 
working  scale  in  the  treatment  of  tailings  on  Witwatersrand  in  1892-08. 

The  weak  point  of  the  the  process  lies  in  the  difficulty  of  getting  a  sufficiently 
large  electrode  surface  for  the  solution  to  come  in  contact  with,  without  unduly 
increasing  the  amount  of  mercury  handled.  Thus,  if  the  area  of  a  surface 
required  to  reduce  a  5  dwt.  soluton  down  to  1  dwt  was  1,  that  to  reduce  a 
1  dwt.  solution  down  to  5  grs.  would  have  to  be  somewhere  about  25  with  the 
same  rate  of  flow,  showing  how  enormously  the  area  has  to  be  increased  as 
the  solution  becomes  impoverished.  This  d^culty  may,  however,  l)e  got  over, 
to  some  extent,  by  agitat;^ng  the  solution  rapidly  over  the  sodium  amalgam 
surface  as  it  flows,  by  mechanical  means.  The  efficiency  of  sodium  amalgam 
as  a  precipitant  is  small,  but  wheil  employed  in  a  dilute  state,  as  in  the  Molloy 
process,  it  compares  favorably  with  the  electrical  precipitation*  processes  of 
to-day.  Sodium  amalgam  Is  said  to  act  on  KCy  in  solution  forming  complexes, 
but  in  dilute  working  solution  this  action  is  inappreciable. 

I  have  obtained  good  precipitation  by  this  method  so  long  as  the 
capacity  was  limited,  but  the  moment  it  was  pushed,  the  extraction 
fell  off.  Of  course,  all  the  objections  to  the  use  of  mercury  apply. 
The  process  seems  to  have  been  abandoned. 

VASIOUS  OTHER  PATENTED  PROCESSES. 

Johannes  Pfleger,  British  patent  16737,  September  6,  1895.— The 
inventor  uses  cathodes  composed  of  shavings,  wire,  powder,  or  shot 
and  presenting  a  large  surface.  He  prefers  iron- wire  cloth  of  t*»-inch 
to  |-inch  mesh,  but  finds  that  10  to  30  wires  per  linear  inch  answer 
the  requirements.  The  specifications  show  a  deposition  box  contain- 
ing an  interior  compartment  filled  with  wire  cloth,  and  provided  with 
transverse  partitions  so  arranged  as  to  force  the  solution  alternately 
down  and  up  through  the  wire  cloth.  On  either  side  of  this  interior 
compartment  are  two  outer  compartments  separated  from  the  inner 
one  by  diaphi'agms.  Outside  the  diaphragms  the  vessel  contains  a 
1  to  5  per  cent  solution  of  soda,  and  in  this  latter  solution  zinc-plate 
anodes  are  placed,  forming  with  the  cathodes  a  galvanic  cell.  This 
cell,  when  the  anodes  and  the  cathodes  are  connected,  forms  a  circuit 
which,  it  is  claimed,  will  rapidly  cause  the  metal  to  be  deposited  on 
the  wire  cloth,  and  the  zinc  plates  to  dissolve  in  the  soda  solution. 
It  is  evident  that  in  this  apparatus  no  exterior  electrical  power  is 
used.    The  electromotive  force  available  is  limited  to  0.6  to  1  volt. 
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Julian  and  Smart «  give  the  capacity  of  a  1-ton  box  as  16  tons  per  24 
bours.    Tbe  process  seems  to  have  been  abandoned. 

Oscar  Froelich,  XJ.  S.  Patent  556092,  March  10,  1896.— Lead  cath- 
odes and  carbon  anodes  are  used.  The  current  density  is  6  amperes 
per  square  yard.    The  solution  is  seemingly  clear. 

Rudolf  Keck,  XJ.  S.  Patent  566986,  September  1, 1896.— Clear  solu- 
tion, lead  anodes,  and  aluminum  cathodes. 

Emile  Andreoli,  XJ.  S.  Patent  568724,  October  6,  1896.— An  appa- 
ratus  for  the* electrical  deposition  of  gold  and  silver  in  a  tank  pro- 
vided with  one  or  more  anodes  and  a  series  of  amalgamated  cathodes. 
Each  cathode  consists  of  a  pervious  skeleton  of  knit- wire  plates  upon 
a  layer  of  mercury  in  the  bottom  of  the  tank,  into  which  the  cathode 
dips.    This  patent  discloses  the  use  of  peroxidized  lead  as  anodes. 
The  solution  used  is  clear.    Anodes  are  contained  in  compartments 
separated  from  the  cathodes  by  permeable  membranes.    According  to 
the  description,  only  two  anodes  are  used.    The  inventor  places  the 
anodes  on  the  sides  of  the  tank.   The  cathodes  dip  into  a  bath  of  mer- 
cury at  the  bottom.    The  use  of  the  network  of  wire  gauze  is  specified. 
The  diaphragms  are  made  preferably  of  porous  asbestos  or  kieselguhr 
(infusorial  earth)  porcelain,  but  woven  tissues  stretched  on  frames 
may  be  used.    It  is  specifically  stated  that  the  porous  partitions  may 
be  omitted,  and  that  the  cathodes  may  be  placed  crosswise,  one  per- 
forated anode  being  used  for  12  to  15  cathodes.    The  patent  shows  a 
great  advance  in  the  art,  particularly  the  use  of  peroxidized-lead 
anodes,  which  is  a  valuable  discovery.    The  use  of  the  wire  cloth  is 
also  good,  but  the  process  necessitates  the  use  of  a  large  volume  of 
quicksilver  in  the  bath,  which  is  a  serious  disadvantage,  although  it 
is  convenient  in  making  the  electrical  connections.    However,  the 
process  does  not  appear  to  be  practicable  on  account  of  the  great  diffi- 
culty of  removing  the  gold  and  silver  from  the  cathodes. 

Andreoli  *  has  written  an  interesting  article  on  the  electrical  depo- 
sition and  recovery  of  gold.  In  this  article  he  explains  his  discov- 
ery of  the  peroxidized-lead  anode.  He  states  that  this  anode  was  not 
the  result  of  research  or  study,  but  wag  simply  a  chance  discovery. 
His  first  plates  were  made  according  to  the  Plante  method,  but,  at 
present,  Ije  prefers  to  use  plumbate  of  soda  repeatedly  to  coat  the 
plates  with  peroxidized  lead.  When  so  treated  the  plates  are  drawn, 
washed,  and  placed  in  a  strong  solution  of  cyanide  of  potassium, 
where,  under  a  heavy  current,  they  become  hard  and  acquire  a  crystal- 
line appearance.  In  reference  to  his  process  Andreoli  states :  "  I  was 
soon  disappointed  when  I  was  told  that  no  one  in  mining  districts 
would  care  much  to  adopt  such  a  process  which  involved  too  much 

•  Julian,  H.  F.,  and  Smart,  Bdgar,  Gyanidlng  gold  and  sUyer  ores,  1904,  p.  120. 

*  Andreoli,  E.,  Electrodeposition  and  recovery  of  gold :  Jour.  Soc.  Chem.  Ind.,  vol.  16, 
Feb.  27,  1807,  pp.  96-97. 
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trouble  in  distilling  the  mercury  and  cleaning  the  plates  in  order  to 
recover  the  gold  amalgamated  with  it."  He  therefore  altered'  the 
process  by  using  cathodes  of  iron  plates,  upon  which  the  gold  and 
silver  were  deposited.  He  then  recovered  the  gold  and  silver  from 
the  iron  plates  by  dipping  them  in  molten  lead,  whereupon  the  gold 
and  silver  alloyed  with  the  lead  and  the  plates  were  stripped.  How- 
ever, the  iron  plates  are  said  to  have  become  warped  by  the  treatment 
with  the  hot  lead,  so  that  they  easily  produced  short  circuits.  The 
only  part  of  the  Andreoli  process  that  has  been  permanently  adopted 
is  the  use  of  the  peroxidized-lead  anode& 

Max  Netto,  U.  S.  Patent  573288,  December  15, 1896— This  process 
consists  in  precipitating  silver  and  gold  from  alkali-cyanide  solu- 
tions by  acidulating  with  hydrochloric  acid  so  as  to  precipitate  silver 
chloride,  separating  the  precipitated  silver  chloride  by  filtration 
from  the  solution,  and  subjecting  the  acid  filtrate  to  the  action  of 
an  electric  current  so  as  to  deposit  the  gold  on  the  cathpde.  The 
inventor  regenerates  the  cyanide  solution  by  thex  addition  of  caustic 
alkali. 

Precipitation  of  silver  and  gold  in  the  presence  of  cyanide  of 
potassium  by  hydrochloric  acid  is  seldom*  complete.  If  the  solution 
is  high  in  cyanide  and  low  in  gold  no  precipitation  of  gold  occurs; 
but  if  the  solution  contains  a  small  amount  of  cyanide  and  a  large 
amount  of  gold  and  silver,  a  certain  amount  of  gold  always  comes 
down  with  the  silver.®  On  account  of  these  reasons  and  the  cost  of 
the  acid  and  alkali,  it  would  seem  that  the  process  is  hardly  practi- 
cable, except  where  acid  and  alkali  are  much  cheaper  than  cyanide. 

J.  F.  Webb,  U.  S.  Patent  585492,  June  29,  1897— A  method  and 
apparatus  for  separating  precious  metals  from  their  solvent  solu- 
tions. The  specifications  show  a  box  containing  alternate  vertical 
columns  of  zinc  shavings  and  carbon.  The  carb6n  is  said  to  be 
either  charcoal  or  coke.  The  solution  passes  down  through  the  char- 
coal and  up  through  the  zinc,  the  first  compartment  containing  car- 
bon and  the  last  one  zinc.  The  terminal  colimms  of  carbon  and  zinc 
are  connected  by  wire,  and  electrical  action  between  the  carbon  and 
the  zinc  is  claimed.  The  inventor  does  not,  however,  rely  upon  this 
connection  alone,  claiming  that  the  zinc  and  charcoal  act  sufficiently 
without  the  connection.  As  ordinary  charcoal  is  not  a  conductor  of 
electricity,  there  can  be  here  electrical  action  only  between  the  coke 
and  the  zinc,  and  the  use  of  an  external  source  of  current  for  the 
process  can  not  be  claimed.  Practically  only  local  action  can  take 
place. 

E.  Andreoli,  U.  S.  Patent  598193,  February  1,  1898— An  appa- 
ratus for  the  electrical  deposition  of  gold,  silver,  and  other  precious 

•  See  Christy,  S.  B.,  Solution  and  precipitation  of  cyanide  of  gold :  Trans.,  Am.  Inst 
Mining,  Bng.,  vol.  26,  1896,  pp.  747-748. 


metals.  The  inventor  uses  anodes  of  p^oxidized  lead  acting  in  the 
presence  of  and  in  combination  with  the  cyanide  solution.  The 
catJiodes  are  made  of  perforated  zinc  plates. 

The  first  great  improvement  over  the  Siemens  &  Halske  process 
was  the  introduction  of  the  peroxidized  lead  anodes  discovered  by 
Andreoli*    When  the  lead  plate  was  covered  with  a  perfectly  con- 
tinuous film  of  peroxide  of  lead  the  anodes  were  practically  unat- 
tacked  by  the  cyanide  solution,  but  whenever  this  film  became  broken, 
so  as  to  expose  the  metallic  lead,  a  white  funguslike  growth  of 
hydrate  and  cyanide  of  lead  formed  upon  the  lead  which  was  almost 
as  destructive  as  the  hydrate  of  iron,  that  forms  on  the  iron  plate. 
When  this  action  takes  place,  lead  anodes  are  soon  corroded  and 
finally  fall  to  pieces.    Mercury  also  rots  lead  plates  and  soon  de- 
stroys them.    Experiments  that  I  have  made  show  that,  in  cyanide  of 
potassium,  the  peroxide-of-lead  anodes  are  practically  unacted  on 
when  new,  but  that,  in  the  presence  of  potassic  hydrate,  they  dissolve 
slightly  and  a  trace  of  lead  comes  down  on  the  cathode. 

The  solubility  of  PbOj  inKCy  and  KHO  was  shown  in  experi- 
ments made  November  26, 1900.  I  took  as  an  anode  an  old  peroxidized 
plate  from  a  storage  battery  and  as  a  solution  0.2  per  cent  potassium 
cyanide.  As  a  cathode  I  used  a  platinum  sheet  6J  by  8  centimeters. 
The  weight  of  the  platinum  cathode  before  treatment  was  18.6784 
grams.  When  treated  with  a  voltage  of  4  volts  and  a  current  of 
0.068  to  0.11  ampere  for  two  hours  the  cathode  of  platinum,  which 
had  previously  been  carefully  cleaned,  actually  lost  2  mg.  in  weight. 
This  result  was  typical  of  many  experiments,  and  the  results  of  other 
experimenters  show  similarly  a  slight  loss  of  platinum  from  cathodes 
in  cyanide  electrolysis.  Certainly  at  this  time  no  lead  was  deposited. 
To  the  solution  was  then  added  KHO  to  bring  the  total  to  0.1  per 
cent  free  KHO.  For  two  hours  the  voltage  was  again  4,  and  the 
current  0.171  to  0.070  ampere.  The  gain  in  weight  of  the  platinum 
cathode  was  0.7  mg.,  caused  probably  by  deposited  lead.  I  then 
added  salt  to  make  0.2  per  cent  NaCl  and  continued  the  treatment  for 
16  hours  with  a  voltage  of  8.7  to  8.42  volts,  and  a  current  at  0.2  to 
0.56  ampere.  The  gain  in  weight  of  the  cathode  was  8.2  mg.  The 
conclusion  was  that  dilute  solutions  of  KCy  do  not  alone  attack 
peroxide  of  lead  in  two  hours,  but  that  KCy  containing  KHO  and 
NaCl  do  attack  it  slightly. 

Kem«  claims  that  peroxidized  lead  anodes  fail,  owing  to  the 
electrol3i;e  attacking  the  lead  through  the  pores  in  the  peroxide  coat- 
ing, but  I  believe  this  to  be  more  likely  due  to  cracks  in  the  brittle 
coating  of  peroxide  caused  by  the  easy  bending  of  the  lead  within. 

•  Kern»  E.  F.,  Electrolysis  of  cyanide  lolutioii :  Trans.  Am.  Electrochem.  Soc,  yoL  24, 
1013,  pp.  241-270. 
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N.  S.  Keith,  U.  S.  patent  597820,  July  25,  1898— A  process  for 
treating  ore  with  a  cyanide  solution  containing  cyanide  of  mercury. 
The  gold  and  silver  are  recovered  from  the  filtered  solution  by  pass- 
ing a  current  of  electricity  of  less  than  1  volt  through  suitable  anodes 
and  cathodes  upon  which  the  metal  deposits  as  a  coating  of  amal- 
gam. I  saw  this  process  in  operation  in  the  year  1898.  The  ores 
came  from  Cripple  Creek,  Colo.,  and  were  treated  at  Cyanide,  Colo. 
The  anodes  and  cathodes  were  both  of  sheet  iron,  and  the  solution 
passed  alternately  up  and  down  between  the  electrodes. 

EXPERIMENTS  WFTH  KETTH  PROCESS  AT  CYANIDE,  COLO. 

I  am  indebted  to  Mr.  Philip  Argall  for  the  following  data  on  the 
use  of  the  Keith  process.  From  March  31  to  April  9,  15  tons  of 
solution  was  used  to  treat  88  tons  of  ore,  the  precipitated  solution 
being  used  over  again.    The  precipitation  process  is  of  chief  interest. 

The  precipitation  was  conducted  in  a  tank  12.5  by  3  by  4  feet, 
having  a  total  content  of  150  cubic  feet,  or  containing  about  5  tons 
of  solution.  It  treated  7  to  13  tons  a  day,  or  an  average  of  10  tons. 
That  is,  a  1-ton  tank  would  have  had  a  capacity  of  about  2  tons  in 
24  hours.  The  anodes  and  cathodes  were  of  sheet  iron  4  by  3  feet. 
There  were  50  cathodes  so  that  the  total  area  on  both  sides  was 
1,200  square  feet.  As  there  were  20  amperes  flowing  through  the 
box,  the  current  density  was  about  0.017  ampere  per  square  foot. 
The  potential  varied  from  0.5  to  0.9,  averaging  0.75  volt 

From  March  31  to  April  9,  the  solution  treated  was  used  in  leach- 
ing ore.  During  this  time  the  solution  entering  the  box  ran  from 
1.605  to  0.215  ounces  of  gold,  and  that  leaving  the  box  ran  from 
0.385  to  0.107  ounce.  On  two  days  it  left  the  box  richer  than  it 
entered,  but  as  no  record  is  given  of  voltage  and  amperes  for  those 
days  there  may  have  been  a  defect  in  the  current  The  best  precipi- 
tation was  76  per  cent -(the  first  day) ;  the  precipitation  varied  from 
that  figure  to  15  per  cent  and  less,  or  even  to  negative  value. 

From  April  10  to  21  the  solution  was  no  longer  used  to  treat  ore,  but 
was  pumped  back  to  a  tank  and  allowed  to  flow  repeatedly  through 
the  box  at  the  rate  of  10  tons  per  day  to  indicate  what  the  precipita- 
tion process  could  do.  In  12  days  gold  content  of  the  heads  was 
reduced  from  0.135  to  0.050  ounce.  The  solution  was  treated  at  the 
rate  of  2  tons  a  day  in  a  1-ton  box,  or  of  12  to  22  pounds  per  24  hours 
per  square  foot  of  cathode  surface.  As  the  box  was  12.5  feet  long  and 
there  were  51  anodes  and  50  cathodes,  the  average  distance  between 
the  electrodes  was  1.5  inches.  The  same  solution  when  afterwards 
passed  only  once  through  boxes  of  zinc  shavings  was  reduced  to 
0.015  ounce,  or  about  30  cents  a  ton.  The  original  solution  used  by 
Prof.  Keith  contained  0.19  per  cent  KCy  and  0.66  per  cent  NaHO, 
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and  the  final  solution  contained  0.04  per  cent  KCy  and  0.155  per  cent 
NaHO.  There  was  used  also  12  pounds  of  HgO.  Mr.  Argall  com- 
ments as  follows : 

During  deposition  a  black  deposit  coUected  on  the  cathodes,  interfering  with 
precipitation.  This  deposit  had  to  be  cleaned  off  three  times.  The  materia) 
collected  was  chiefly  of  a  graphitic  nature,  oxide  of  mercury  and  gold.  The 
gold  recovered  from  the  black  mud  amounted  to  25.7  per  cent  of  the  total  gold 
recovered. 

The  mercury  appeared  to  be  the  first  metal  deposited;  consequently,  the 
plates  from  the  center  to  the  end  of  vat  were  very  hard,  and  the  amalgam  was 
extremely  diflacult  to  remove.  When  I  decided  to  make  a  complete  clean-np 
and  abandon  the  process,  some  5  pounds  of  mercury  oxide  was  dissolved  in  the 
solution  to  soften  the  plates,  and  even  with  this  addition  of  mercury  it  took  two 
men  one  week  to  clean  50  plates,  and  when  they  had  scoured  off  all  the  deposit 
possible,  using  mercury  freely  in  rubbing  the  plates,  there  still  remained  on  or 
in  the  plates  41.5  per  cent  of  the  total  gold  recovered.® 
Recapitulation : 

Percent. 

€k)ld  recovered  as  amalgam 82.8 

Gk)ld  recovered  as  mud 25. 7 

Plates  in  1  per  cent  cyanide  solution 41. 5 

The  cathodes  were  attacked  and  pitted  somewhat  The  anodes  did  not  show 
much  action,  though  a  little  Prussian  blue  appeared  in  places. 

The  result  of  this  test  led  to  the  abandonment  of  the  Keith  process. 
Seemingly,  the  small  amount  of  action  on  the  anodes,  which  were 
nearly  covered  with  a  thin,  hard  scale  of  ferric  oxide,  was  due  to  the 
low  voltage  used.  This  was  always  less  than  1  volt.  Curiously 
enough,  the  best  precipitation  was  from  a  rich  solution,  on  the  first 
day,  when  the  voltage  recorded  was  only  0.5  volt.  According  to 
Mr.  Argall  the  mercuric  cyanide  seemed  slightly  to  hasten  the  solution 
of  the  gold,  but  not  sufficiently  to  justify  its  use.  This  has  been  de- 
nied. Mr.  Claude  Vautin  states  that  experiments  in  Hungary 
(1893-95)  showed  that  the  use  of  mercuric  cyanide  actually  retarded 
the  solution  of  the  gold.  I  think  that  it  probably  retarded  the  pre- 
cipitation of  the  gold. 

In  the  light  of  further  experience  there  were  shown  to  be  three 
serious  defects  in  the  process  as  conducted.  First,  the  voltage  was 
too  low.  The  good  results  obtained  upon  the  first  day,  with  0.5  volt, 
were  doubtless  due  to  the  fact  that  the  cathodes  were  of  naked  iron; 
but  as  soon  as  the  cathodes  became  coated  with  gold,  a  back  electro- 
motive force  operated  to  oppose  further  deposition  of  gold.  The 
second  defect  was  the  use  of  mercury,  the  surface  tension  of  which 
increased  the  difficulty  of  precipitation.  The  third  defect  was  the 
sluggish  circulation.  The  difficulties  of  the  clean-up  would  largely 
disappear  in  regular  work,  just  as  they  do  in  the  use  of  amalgamated 
copper  plates.    It  would  be  as  difficult  finally  to  clean  them. 

•This  was  gnbsequently  recovered  by  soaking  the  plates  in  a  1  per  cent  KCy  boIu- 
tion. — Author. 
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FIRST  DEVELOPMENT  OP  THE   CHRISTY  PROCESS. 

When  I  first  looked  into  the  electrodeposition  of  gold  and  silver 
from  cyanide  solutions  it  seemed'*  to  me  that  the  low  ampere-hour 
efficiency  in  the  Siemens  process  was  a  fatal  bar  to  the  success  of 
electrical  deposition,  and  I  was  not  surprised  that  the  process  was 
abandoned  in  South  Africa  shortly  after  Mr.  Butters  left  there. 
But  in  discussing  the  matter  with  the  late  Stephen  D.  Field,  the 
well  known  electrical  engineer,  my  attention  was  called  to  the  fact 
that  the  ordinary  telephone  has  less  than  1  per  cent  of  electrical 
efficiency,  and  yet  it  is  one  of  the  most  successful  of  modern  inven- 
tions. This  suggestion  caused  me  to  attack  the  problem  with  re- 
newed interest,  as  J  thought  the  method  might  still  be  made  effective- 
if  given  more  careful  study.  Siemens  was  well  aware  of  the  im- 
portance of  having  a  large  electrode  area,  and  he  especially  calls  at- 
tention to  the  importance  of  increasing  this  rather  than  the  voltage 
of  the  bath. 

I  soon  came  to  the  conclusion  that  all  electrical  processes  that  used 
quicksilver,  either  in  the  liquid  form  or  in  the  form  of  amalgamated 
plates,  except  for  treating  free  gold,  coarse  enough  to  overcome  the 
surface  tension  of  the  mercury,  were  not  likely  to  be  successful  with 
cyanide  solutions.  Such  processes  involve  the  use  of  a  large  amount 
of  expensive  metal,  difficult  to  handle  without  loss,  and  involve  the 
danger  of  salivation  of  the  workmen.  Moreover,  there  is  the  diffi- 
culty, already  mentioned,  arising  from  the  necessity  of  overcoming 
the  surface  tension  of  the  metal.  This  difficulty  was  particularly 
evident  in  the  test  of  the  Keith  process  at  Cyanide,  Colo.  There  was 
also  great  difficulty  in  recovering  the  amalgam  from  the  large  area 
of  the  cathode  plates  necessary  for  a  complete  precipitation.  I 
noticed,  moreover,  that  so  long  as  the  solution  contained  no  sul- 
phates or  chlorides  the  anode  plates,  of  iron,  were  little  acted  upon, 
being  simply  covered  with  a  thin  film  of  ferric  oxide  which  protected 
the  metal  from  further  action,  although  it  slightly  increased  the 
resistance. 

Starting  with  the  principle  that  an  enormous  cathode  surface  was 
necessary  for  the  rapid  and  complete  precipitation  of  the  gold  and 
silver,  I  made  a  number  of  experiments,  using  sheet  iron  for  both 
cathodes  and  anodes.  I  found  that  when  the  current  was  not  too 
great  the  precipitated  gold  and  silver  adhered  firmly  to  the  surface 
of  the  sheet-iron  cathode.  I  then  removed  the  cathodes,  two  at  a 
time,  and  made  them  anodes  in  a  dilute  cyanide  solution  of  about 
0.1  per  cent,  and  redissolved  and  reprecipitated  the  gold  electrolyti- 
cally  upon  a  piece  of  sheet  iron  covered  with  a  thin  film  of  graphite 
and  vaseline.  On  graphiting  the  surface  of  the  sheet  iron  I  found 
it  possible,  under  proper  conditions,  to  reprecipitate  the  gold  and 


silTer  in  a  dense  coheiBnt  sheet,  which  afterwards  could  be  stripped 
in  sheets  ready  for  the  mint. 

On  February  6,  1900,  I  was  granted  XT.  S.  patent  643096,  for  **  a 
process  of  progressive  electroconceiitration  and  recovery  of  gold  and 
silver  contained  in  the  large  volmnes  of  dilute  cyanide  solution  con- 
taining free  alkali  resulting  from  the  extraction  of  gold  and  silver 
ores,  tailings,  and  concentrates,  which  consists  first  in  depositing  the 
gold  and  silver  electrolyticaUy  from  said  solution  upon  removable 
cathodes  sufficiently  numerous  and  large  in  area  to  secure  efficient 
deposition,  and  second,  in  making  said  removable  original  cathodes 
successively  anodes  in  a  smaller  volume  of  cyanide  solution,  and 
transferring  and  depositing  electrolyticaUy  the  thin  film  of  gold 
and  silver  already  distributed  over  a  large  number  of  said  original 
cathodes  upon  a  smaller  number  of  secondary  cathodes,  also  con- 
tained in  said  smaller  volume  of  cyanide  solution." 

EXPERIMENTS  AT  STANDARD  CONSOUDATED  MINE,  BODIE,  GAI*. 

In  the  summer  of  1900  I  tried  this  process  on  a  small  scale  at 
Bodie,  Cal.  The  solution  treated  was  0.937  short  ton,  having  an 
assay  value  of  0.175  ounce  of  gold  and  0.437  ounce  of  silver.  Al- 
though the  metal  values  were  almost  entirely  in  the  gold,  there 
was  nearly  three  times  as  much  silver  as  gold  in  the  solution.  The 
assay  value  of  the  head  solution  was  about  $4  per  ton,  gold  and 
silver.  The  average  of  the  entire  solution  after  treatment  was  only 
about  10  cents  a  ton,  some  assays  being  as  low  as  2  cents.  All  the 
assays  were  made  by  the  company  assayer,  W.  M.  Knox.  Samples 
of  eight  assay  tons  of  solution  were  assayed  by  evaporation  with 
litharge. 

The  deposition  box  used  was  2  feet  6  inches  by  4  inches  by  6 
inches,  and  held  0.4  cubic  foot.  It  treated  solution  at  the  rate  of  2 
cubic  feet  per  day,  or  five  times  its  capacity,  with  good  results,  but 
on  pushing  the  work  beyond  the  capacity  of  the  box,  the  value  of 
the  tailing  would  run  up  to  20  or  30  cents. 

There  were  27  cathodes  of  thin  sheet  iron,  4  by  5  inches;  h^ice 
their  exposed  surface  on  both  sides  was  7.5  square  feet.  The  current 
varied  from  0.5  to  1.3  amperes,  the  cathode  current  density  varying 
between  0.066  and  0.173  ampere  per  square  foot,  averaging  0.135 
ampere.  For  a  part  of  the  time,  two  boxes  were  used,  in  series,  as 
far  as  solution  was  concerned,  but  electrically  in  parallel ;  hence  the 
current  density  was  then  only  0.068  ampere.  The  voltage  varied 
from  0.8  to  8.6  volts.  The  electrodes  were  all  placed  transversely 
across  the  box  and  ^  inch  apart,  so  that  the  solution  flowed  alter- 
nately up  and  down  the  box.  Alternate  anodes  projected  above  the 
surface  of  the  solution  and  were  perforated  with  ^-inch  holes  to 
allow  the  solution  to  flow  through.    The  flow  through  these  holes 
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was  more  rapid  than  usual,  and  I  found  the  deposit  opposite  these 
holes  to  be  thicker  and  better  than  elsewhere.  This  discovery  first 
suggested  to  me  the  advantage  of  rapid  circulation  through  per- 
vious electrodes,  an  idea  that  was  developed  later. 

Iiji  order  to  preserve  the  anodes  from  corrosion  they  were  coated 
with  a  mixture  first  suggested  by  Mr.  Bettal  of  South  Africa.  This 
mixture  consists  of  graphite,  litharge,  boiled  oil,  and  turpentine ;  it  is 
put  on  hot.  I  found  that  with  a  low  current  density  (voltages  up  to 
0.14  volt)  the  anode  coating  stood  up  well,  as  was  claimed  for  it, 
but  that  as  soon  as  the  pressure  was  raised  to  2  or  3  volts,  in  order  to 
increase  the  precipitation,  the  boiled  oil  and  turpentine  were  at- 
tacked, producing  a  vile-smelling  mixture.  The  iron  was  then  so 
attacked  that  the  anodes  had  to  be  scraped  clean. 

There  was  considerable  trouble  in  getting  a  continuous,  direct- 
current  service  of  a  proper  voltage.  Alternating  current  was 
brought  from  a  distance  and  was  erratic,  so  that,  although  for  a  part 
of  the  time,  direct  dynamo  service  was  available,  frequent  resort 
was  necessary  to  a  couple  of  large  improvised  Daniell  cells. 

THE  CLEAN'XTP. 

The  clean-up  was  effected  in  a  cell  that  held  750  c.  c.  of  cyanide 
solution,  and  accommodated  two  anodes  (two  cathodes  from  the 
deposition  box,  to  be  stripped)  and  one  sheet-iron  cathode,  on  which 
the  gold  and  silver  were  to  be  precipitated.  This  cathode  was 
coated  with  a  layer  of  graphite  and  wax,  put  on  hot,  and  rubbed  dry 
with  graphite,  to  favor  the  subsequent  stripping  of  the  concentrated 
metal.  With  two  Daniell  cells  giving  1.4  volts  in  closed  circuit, 
0-200  ampere  was  obtained,  but  this  fell  rapidly  to  0.050  ampere. 
The  iron  anodes  did  not  appear  to  corrode,  yet  some  of  the  metal  came 
down  ratherly  loosely  on  the  cathode  which  became  coated  evenly 
with  silver  and  gold.  The  clean-up  solution,  which  at  first  was 
0.1  per  cent  KCy,  was  afterwards  made  1  per  cent.  The  /cathodes 
from  the  head  of  the  deposition  box  required  about  1  hour  for  strip- 
ping, and  those  from  the  tail  required  only  a  few  minutes.  The 
cathodes  from  the  deposition  box  (anodes  in  the  clean-up  box)  showed 
no  signs  of  pitting  except  in  one  instance  when  the  current  was  left  on 
over  night.  If  the  stripping  was  stopped  when  nearly  complete  the 
oxidation  of  the  anodes  in  the  clean-up  box  could  be  easily  avoided, 
especially  as  clean  cyanide  solution  free  from  chlorides  and  sul- 
phates could  be  used  for  stripping.  While  the  metal  was  partly 
adherent  to  the  the  cathode,  much  of  it  came  down  as  a  dark,  blackish- 
brown  powder,  easy  to  filter  and  to  melt.  In  later  experiments 
the  deposition  of  this  precipitate  was  avoided  by  proper  circulation. 
The  scrapings  from  the  anodes  of  the  deposition  box  after  treating 
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the  mill  solution  contained  graphite,  linseed  oil,  etc.,  with  more 
or  less  hydrate  of  iron  and  Prussian  blue;  weighed  about  316  grams ; 
and  carried  0.16262  gram  in  gold  and  0.30785  gram  in  silver.  The 
total  clean-up  resulted  as  follows: 

Clean-up  in  ewperimerUa  at  Bodie,  Cal, 

Gold,         surer, 
grams.        grams. 

From  solid  metal  from  cathode  of  clean-up  box..  1. 61678  4. 14S22 

From  metallic  dust  from  clean-up  box 1. 95100  5. 53900 

From  cyanide  solution  from  clean-up  box .44346  .85814 

From  wash  water  from  anodes  in  clean-up  box.    .  14936  .  36704 

From  various  sediments  from  deposition  box .  16362  .  30785 

4. 32322  11. 21525 

The  original  solution  treated  was  0.937  ton,  which  assayed  0.164 
troy  ounce  of  gold  and  0.435  troy  ounce  of  silver;  hence  in  grams  the 
result  was  as  follows: 

Gold,      Silver, 
grams,     grams. 

Original  content 5. 11    12^.  70 

Actual  recovery 4.32    11.22 

Lost  in  tailing  solution,  assay  samples,  etc .79      1.48 

An  8-assay-ton  charge  of  the  tailing  solution  from  the  whole 
charge  gave  0.005  ounce  of  gold  per  ton  and  0.005  ounce  of  silver; 
that  is,  the  tailings  were  worth  a  little  more  than  10  cents  a  ton,  and 
there  were  left  in  the  0.937  ton  of  solution  only  0.146  gram  each  of 
gold  and  silver.    Hence  the  result  was  as  follows : 

Gold,      surer, 
grams,    grams. 

Original  content 5. 11      12. 7 

Residual  solution .  146        .  146 

Difference - 4. 964    12.  554 

Actually  recovered  in  clean-up 1 4. 323    11. 215 

Losses  and  assay  samples .641      1.239 

Loss  in  tailing .146        .146 


•.787    »1.385 
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The  total  time  of  the  experiments  during  which  the  currwit  was 
passing  was  127.5  hours.  The  total  number  of  ampere-hours  was 
126.  The  weight  of  gold  actually  recovered,  divided  by  7.85,  the 
weight  in  grams  of  gold  that  should  have  been  deposited  in  1  ampere- 

4  323 
hour,  was  as  follows:  ^'-^^=0.588  ampere-hour,  which  should  have 

•  Compare  with  the  0.79  value  given  above. 
^Agrees  with  the  1.48  value  given  above. 


PROCESSES  OP  BLECTRODEPOSITION.  31 

•  » 

sufficed  to  deposit  the  amount  of  gold  at  100  per  cent  electrical  effi- 
ciency. The  weight  of  silver  actually  recovered,  divided  by  4.025, 
the  weight  in  grams  of  silver  that  should  have  been  deposited  in  1 

11  215 
ampere-hour  was:      ,'     ^  =2.79   ampere-hours,  which  should  have 

4.025 
sufficed  to  precipitate  that  amount  of  silver  at  100  per  cent  electrical 

efficiency. 

Therefore  a  total  of  3.378  of  the  126  ampere-hours  was  actu- 
ally utilized.    Hence  the  total  electrical  efficiency  was:  -1^^,  or  2.68 

per  cent.  This  is  a  much  higher  efficiency  than  that  of  the  Siemens' 
&  Halske  process,  and  the  capacity,  being  at  the  rate  of  5  tons  per  24 
hours  in  a  1-ton  box,  is  nearly  double.  The  reason  for  the  higher 
efficiency  is  that  a  shorter  current  gap  is  used,  being  only  ^  inch, 
as  against  1^  to  3  inches.  In  the  Siemens  &  Halske  process  it  is  not 
possible  to  bring  the  electrodes  near  one  another  on  account  of  the 
danger  of  short  circuits  from  the  loosely  hanging  lead-foil  cathodes. 
It  is  probable  that  in  practice  I  should  have  had^  to  increase  the 
distance  between  the  electrodes,  owing  to  corrosion  of  the  anodes; 
but  with  peroxidized-lead  anodes,  provided  with  vertical  separators 
of  wooden  strips,  placed  about  6  inches  apart  horizontally,  better 
precipitation  could  have  been  safely  obtained  with  even  a  J-inch 
current  gap. 

CRmCISMS  OP  THE   CHRISTY  PROCESS. 

In  1903  there  appeared  in  Halle  a  small  volume  on  "Cyanide 
processes  of  gold  recovery,"  being  one  of  the  "  Monographs  on  ap- 
plied electrochemistry,"  edited  by  Viktor  Engelhardt,  chief  engineer 
and  chief  chemist  of  the  Siemens  &  Halske  Co.,  Vienna.  This 
particular  book  is  written  by  Manuel  von  TJslar,  with  the  assistance 
of  Dr.  Greorg  Erlwein,^  engineers  of  the  Siemens  &  Halske  Co., 
Berlin. 

From  this  combination  of  electrochemists,  representative  of  Sie- 
mens &  Halske,  much  might  have  been  expected,  particularly  as 
regards  a  description  of  the  Siemens  &  Halske  process;  but  although 
the  process  is  mentioned,  the  description  is  meager  and  the  fund  of 
information  that  might  have  been  reasonably  expected  is  entirely 
missing.  Concerning  my  process  of  "  progressive  electroconcentra- 
tion  "  these  authors  remark : 

Attention  need  only  be  called  to  the  great  sums  that  must  be  Invested  on  the . 
large  scale  in  the  form  of  sheet  gold  and  silver  to  show  that  this  patent  can 
scarcely  lay  claim  to  practical  consideration.    As  regards  technical  considera- 
tions it  must  be  remarked  that  there  are  insuperable  difficulties  in  continu- 

•  Von  Uslar,  Manuel,  and  Erlweln,  Oeorg,  Cyanid-Prozesse  top  Goldgewinnung :  Mono- 
graph, angew.  Slectrochemie,  1903,  Halle,  Germany,  100  pp. 
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ously  watching  the  electric  current,  so  that  anodes  to  be  stripped  of  their  sold 
(cathodes  from  bath  1)  shall  remain  in  bath  2  exactly  till  their  gold  covering 
shall  be  removed,  which  for  a  rational  operation  is  quite  necessary,  as  otherwise 
probable  losses  of  gold,  of  current,  power,  and  electrode  material  are  un- 
avoidable. 

I  am  ready  to  admit  many  defects  in  the  process  as  it  app^red  in 
1900;  these  I  shall  refer  to  later;  but  the  defects  that  require  con- 
sideration are  not  those  mentioned  by  the  distinguished  authors. 
No  gold  and  silver  sheets  have  to  be  provided  except  those  formed 
in  the  ordinary  course  of  the  clean-up. 

Of  the  Siemens  &  Halske  process,  Von  Uslar  and  Erlwein  •  speak 
as  follows : 

Bvery  month  with  electrolytic  precipitation  Ukewise  the  clean-up  takes  place, 
which,  however,  is  simpler  than  with  the  zinc  precipitation.  Without  inter- 
rupting the  operation  one  lifts  the  single  cathodes  out  of  the  bath  in  which  a 
newly  charged  frame  (cathode)  is  replaced,  an  operatioa  which  requires  only 
a  few  minutea 

They  then  go  on  to  describe  the  drying  of  the  lead  sheets,  and  the 
fluxing  and  smelting  of  the  lead  cathodes  weighing  12  to  20  times 
the  weight  of  the  contained  gold  and  silver,  all  of  which  has  to  be 
cupelled  to  recover  the  6  to  8  per  cent  of  gold.  Anyone  who  has  had 
any  experience  with  the  Siemens  &  Halske  clean-up  is  well  aware  of 
the  great  danger  of  loss  in  handling  the  cathodes  during  and  after 
the  drying.  The  monthly  clean-up  withholds  from  circulation  the 
same  amount  of  gold  and  silver  as  any  other  process  that  requires  a 
monthly  clean-up. 

With  the  Christy  process,  the  cathodes,  when  charged,  may  be  re- 
moved for  stripping  and  be  replaced  by  a  clean  cathode  without  in- 
terruption, as  in  the  Siemens  &  Halske  process.  Moreover,  with  the 
Christy  process,  a  weekly  or  even  a  daily  clean-up  is  possible,  so 
that  it  is  not  necessary  to  keep  so  much  gold  and  silver  in  an  unpro- 
ductive state;  neither  must  12  to  20  pounds  of  lead  be  cupelled  for 
each  pound  of  gold,  nor  must  the  lead  be  reduced  and  rolled  into 
sheets  to  be  again  used  as  cathodes. 

As  regards  the  second  criticism  of  these  authors,  namely,  that  of  a 
necessity  of  watching  the  current  to  determine  exactly  when  plates 
are  stripped,  the  criticism  is  not  warranted.  If  1  volt  or  less  is  used 
in  the  clean-up  box  the  plates  strip  rapidly,  do  not  corrode  appreci- 
ably, and  require  practically  no  attention  except  removal,  washing, 
and  replacing  in  the  deposition  box  for  a  new  coating.  If  necessary, 
an  electric  bell  could  be  devised  to  indicate  when  the  plates  were 
sufficiently  stripped.  When  the  solution  in  the  clean-up  box  becomes 
rich,  by  raising  the  voltage  the  gold  and  silver  are  recovered  by  elec- 
trolysis much  more  easily  than  from  the  original  solution. 

•Von  Uslar,  Manuel,  and  Brlwein,  Georg,  Cyanid-Prozesse  Kur  Goldgewinnung :  Mono- 
graph, angew.  Blectrochemle,  190S,  Halle,  Germany,  100  pp. 
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Since  writing  the  above  statement  I  have  seen  an  important  paper 
by  Neumann.**  He  remarks,  "It  is  true  Christy's  proposition  has 
some  weak  points,  but  certainly  it  does  not  fail  for  the  reason  given 
by  Von  Uslar  and  Erlwein."  Neumann  gives  the  results  of  some 
valuable  experiments  on  the  efficiency  of  electrical  precipitation 
under  the  conditions  of  the  Siemens  &  Halske  process.  However,  he 
did  not  entirely  reproduce  the  conditions,  but  kept  the  gold  content 
constant  by  adding  gold  to  the  solution  and,  instead  of  keeping  a 
constant  voltage  as  in  the  Christy  process,  he  maintained  a  constant 
current  with  increasing  voltage.  He  seemingly  did  not  attempt  a 
complete  precipitation  as  is  necessary  in  practice.  With  a  current 
density  of  0.5  ampere  per  square  meter,  and  with  10  grams  of  gold 
present  per  cubic  meter,  he  found  as  a  maximmn  efficiency  3.81  per  • 
cent;  whereas,  for  the  same  density  of  current  and  with  3  grams  of 
gold  present  per  cubic  meter,  the  efficiency  is  only  1.33  per  cent. 
With  a  lower  curent  density  he  got,  for  0.25  ampere  per  square  meter 
and  10  grams  of  gold  per  cubic  meter,  an  efficiency  of  7.56  per  cent, 
and  for  3  grams  of  gold  per  cubic  meter,  3.15  per  cent  For  greater 
current  densities  such  as  2.4,  4,  and  9  amperes  per  square  meter,  and 
with  10  grams  of  gold  present  per  cubic  meter,  he  found  the  maxi- 
mum efficiency  to  be  0.41,  0.24,  and  0.16  per  cent  It  is  evident  that 
if  the  attempt  had  been  made  to  reduce  the  gold  content  to  a  mini- 
mum the  efficiency  would  have  been  lower. 

Neumann  points  out  what  he  claims  to  be  the  weak  points  of  the 
Christy  electroconcentration  process.  First,  he  claims  that  neither 
lead  nor  iron  can  be  used  alternately  as  cathodes  and  as  anodes  in 
cyanide  solutions,  as  those  metals  are  attacked  by  the  cyanide  and 
rendered  unfit  to  serve  as  cathodes  after  having  served  as  anodes  in 
the  clean-up  cell.  He  fails  to  observe  that  the  Christy  patent  states, 
"The  anodes  and  cathodes  may  be  made  of  any  electroconducting 
material  not  too  strongly  acted  on  by  the  solution."  Though  lead 
and  iron  are  mentioned,  the  Christy  patent  is  not  confined  to  their 
use.  I  have  successfully  used  Acheson  graphite  sheets  and  other 
forms  of  carbon.  I  am  ready  to  acknowledge  that  there  is  difficulty 
in  the  use  of  lead.  However,  the  difficulty  does  not  arise  from  the 
cause  assigned  by  Neumann,  but  from  local  action  if  the  electrodes 
are  not  used  continuously  and  are  put  away  damp. 

Neumann  quotes  some  experiments,  made  presumably  under  his 
direction,  by  Mr.  John  Johnston,  in  which  gold  was  deposited  on 
carbon  cathodes  after  which  an  electric  clean-up  was  attempted,  sup- 
posedly with  the  Christy  process.    In  the  first  four  experiments, 

•  Neumann,  B.,  Electrolytic  precipitation  of  gold  from  cyanide  solutions :  Electrochem. 
and  Met.  Ind.,  vol.  4,  August,  1906,  p.  800. 

55372"— Bull.  150—19 3 
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with  a  current  density  of  992  to  118  amperes  per  square  meter,  no 
gold  at  all  was  deposited.     (Seemingly,  the  current  deposited  the 
gold  in  the  form  of  slime,  which  was  easily  washed  off  by  the  violent 
agitation.)     With  24  to  69  amperes  per  square  meter  the  efficiency, 
0.03  to  0.045  per  cent,  was  low,  and  was  higher  with  the  lower  density. 
The  voltage,  an  important  item,  is  not  given.    The  stripping  went  on 
easily,  but  he  forgets  that  the  cyanide  solution  was  strong — 17.76  to 
12.1  per  cent.    It  is  remarkable  that  any  gold  was  precipitated  f^m 
so  strong  a  solution  of  free  cyanide. 

Examination  has  been  made  of  samples  of  the  silver  and  gold  pre- 
cipitated by  the  Christy  process,  the  metal  having  been  first  deposited 
upon  iron  cathodes  from  weak  solutions,  then  redissolved  by  making 
anodes  of  these  cathodes  in  a  0.1  to  1  per  cent  cyanide  solution,  and 
reprecipitated  upon  sheet-iron  cathodes,  coated  with  a  film  of  graph- 
ite and  vaseline.  The  samples  showed  that  it  is  possible  to  deposit 
coherent  sheets  of  both  gold  and  silver  by  the  Christy  process  in  ex- 
actly the  way  specified  in  the  patent.  After  wrongly  condemning  the 
process  as  impossible,  Nemnann  proposes  to  resort  to  carbon  cathodes, 
which  he  would  strip,  causing  the  gold  to  be  redeposited  by  the  Wohl- 
will  process,  sodium  chloride,  gold  chloride,  and  free  hydrochloric 
acid  being  used  as  an  electrolyte.  By  this  means  good  results  are  ob- 
tained with  pure  gold,  and  a  high  efficiency  results;  however,  upon 
calculating  the  gold  as  univalent  the  efficiency  would  be  modified. 

Mention  should  be  made  of  the  fact  that  the  Wohlwill  process  is 
not  applicable  to  alloys  containing  more  than  10  per  cent  silver.  With 
solutions  carrying,  as  many  do,  more  silver  and  copper  than  gold  it 
is  doubtful  whether  this  ingenious  modification  of  the  Christy  method 
would  be  applicable.  The  process  could  not  be  used  to  produce  fine 
gold,  as  Neumann  supposes,  but  by  using  cyanide,  of  a  proper  strength, 
and  employing  a  proper  voltage,  the  gold  and  silver  could  be  recov- 
ered if  the  process  were  properly  conducted.  The  operation  is  espe- 
cially easy  if  cathodes  composed  of  thin  sheets  of  Acheson  graphite 
are  used  as  "  cathode  anodes."  As  pure  cyanides  free  from  sulphates 
and  chlorides  can  be  used  in  the  stripping  box,  they  are  little  cor- 
roded at  the  low  voltage  used  in  the  Christy  process. 

SUBSEQUENT  PATENTED  PROCESSES. 

C.  P.  Stewart,  U.  S.  patent  676526,  July  16,  1901.— The  solution 
flows  over  a  stationary  mercury  cathode.  The  process  is  similar  to 
the  "MoUoy  process." 

William  Orr,  U.  S.  patent  689018,  December  17,  1901.— Inventor 
uses  zinc  anodes  in  cyanide  solutions,  especially  when  the  solutions 
contain  copper,  and  regenerates  the  cyanide  by  throwing  down  the 
zinc  by  KHO  and  NajS.  The  patent  resembles  one  granted  to  C.  H. 
Merrill  for  regenerating  cyanide  from  solutions  containing  zinc. 
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E.  i).  Kendall,  U.  S.  patent  698292,  Apiul  22, 1902.— The  specifica- 
tions of  this  process  show  an  electrodeposition  box  containing  carbon 
anodes  in  porous  cells.  The  remaining  space  of  the  outer  vessel  is 
filled  with  fragments  of  carbon,  which  act  as  cathodes  upon  which 
the  gold  and  silver  are  deposited.  After  sufficient  time  the  caustic 
potash  is  withdrawn  from  the  porous  cell  and  a  cyanide  solution, 
adequately  strong,  supplied  to  fill  it.  The  carbon  plate  is  then  re- 
moved and  a  silver-plated  copper  plate  is  made  the  cathode  in  place 
of  the  anode.  The  gold  and  silver  dissolve  from  the  first  carbon 
anode  and  deposit  upon  the  inner  plate.  The  invention  contains  ideas 
shown  in  the  Christy  patent  (No.  643096)  previously  mentioned,  but 
without  the  removable  cathodes.  In  one  place  the  inventor  specifies 
a  pressure  of  5  volts  and  in  another  preferably  15  volts.  It  is  evident 
tlutt  the  porous  cell  is  a  disadvantage,  as  it  increases  the  resistance 
enormously.  I  can  not  find  any  place  where  the  process  has  been 
applied. 

S.  Muffly,  U.  S.  patents  714598,  714599,  November  25,  1902.— This 
patent  is  for  a  process  and  an  apparatus.  A  carbon  anode  is  used 
with  a  cathode  composed  of  a  filiform  mass  of  lead  and  zinc. 

THE  BUTTERS  PROCESS. 

Charles  Butters  (TJ.  S.  patent  756211,  Apr.  5, 1904)  claims  the  use 
of  a  dense  current  in  combination  with  peroxide-of-lead  anodes  and 
tin-coated  steel  cathodes.   His  claims  are  as  follows : 

First  The  Improvement  in  the  process  of  precipitating  metals  from  solu- 
tions, chiefly  cyanide  solutions*  which  consists  in  employing  cathodes  having 
surfaces  of  tin  and  a  high-density  electric  current,  substantially  as  described. 

Second.  The  improvement  in  the  process  of  precipitating  metals  from  solu- 
tions which  consists  in  employing  cathodes  having  surfaces  of  tin  in  combina- 
tion with  anodes  of  lead  peroxide  and  a  high-density  electric  current,  substan- 
tially as  described. 

Third.  The  improvement  in  the  process  of  the  electrolytic  separation  of  metals 
from  solutions  which  consists  in  using  a  cathode  having  smooth  surfaces  of  tin, 
substantially  as  described. 

In  the  specifications,  Butters  directs  that  the  anodes  and  cathodes 
shall  be  placed  about  3  inches  apart,  and  that  the  solution  containing 
the  metal  or  metals  to  be  deposited  shall  be  caused  to  flow  between 
the  electrodes,  preferably  in  an  upward  or  downward  direction,  at  a 
uniform  velocity,  while  an  electric  current  of  high  density  enters  the 
cathode.  In  practice  about  0.5  ampere  per  square  foot  of  cathode  is 
found  suitable,  as  a  rule.  The  dissolved  metals  are  then  deposited  in 
a  loose  slimy  form  on  the  tin  cathode  surface  and  may  be  removed 
by  brushing  or  wiping  the  plates  with  a  soft  material,  such  as  rubber 
or  wood.  This  may  be  conveniently  done  by  removing  the  cathodes 
from  the  solution  when  the  deposit  is  sufficiently  thick,  or  usually  by 
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running  a  wiper  over  the  plates  at  intervals  of,  say,  once  a  day  while 
in  position  in  the  solution,  and  allowing  the  removed  slime  to  settle 
to  the  bottom  of  the  vessel.  This  slimy  deposit  is  removed  from  the 
vessel  at  regular  periods,  and  the  metals  are  separated  and  refined  in 
the  usual  way-. 

It  may  be  noted  that  in  the  Christy  patent,  issued  in  1900,  I  dis- 
close the  use  of  a  dense  current  with  flat  electrodes  in  the  following 
words:  "The  current  should  be  so  graduated  that  it  (the  gold)  is 
deposited  in  a  firm,  coherent  coat.  If  a  strong  current  is  used,  the 
gold  is  deposited  on  a  cathode  as  a  fine  brown  powder,  which  may  be 
brushed  off  at  intervals  and  melted  down;  but  I  prefer  to  deposit  it 
as  a  firm,  coherent  coat  to  avoid  mechanical  loss  in  handling."  But- 
ters's  process  has  been  developed  on  a  large  scale  in  several  of  his 
plants  in  this  country,  Mexico,  and  Central  America,  and  may  be 
said  to  be  technically  successful,  but  there  are  at  least  two  practical 
objections  to  it.  The  first  is  that  so  high  a  current  density  as  he  em- 
ploys to  separate  the  material  in  a  loose  form  on  flat  electrodes  is 
wasteful.  The  second  is  that  the  recovery  of  the  precipitated  slime 
by  removing  the  plates  and  wiping  them  by  hand  involves  much 
labor,  and  if  the  precipitate  is  scraped  from  plates  and  allowed  to 
accumulate  at  the  bottom  of  the  tank  'there  is  not  only  a  danger  of 
loss,  either  by  resolution  or  by  mechanical  mejins,  but  the  precipitate 
is  liable  to  be  contaminated  by  the  peroxide  of  lead  that  occasionally 
drops  from  the  anodes  to  the  bottom  of  the  tank,  or  especially  by  the 
precipitated  carbonate  of  lime  which  is  continually  settling  out  of 
the  solution. 

That  this  contamination  of  the  gold  is  serious  I  have  demonstrated 
by  analyzing  a  precipitate  coming  from  one  of  the  Mexican  plants 
where  the  process  was  used.  The  precipitate  from  the  head  of  the 
boxes  contained  enough  lead  and  oxide  of  lead  to  make  it  melt  almost 
like  butter,  but  the  precipitate  from  the  lower  end  of  the  tank  con- 
tained so  much  carbonate  of  calcium  that  fusing  was  difficult.  The 
bullion  produced  from  each  precipitate  was  necessarily  of  low  grade. 
Nevertheless  the  process  is  in  successful  use.  It  is  probably  the  only 
electrolytic  process  now  in  actual  use  for  the  treatment  of  cyanide 
solutions  from  gold  and  silver  recbvery. 

EFFICIENCY  OF  BUTTERS  PROCESS. 

An  admirable  account  of  the  Butters  process  is  given  by  Hamil- 
ton.* The  solution  from  the  sand  treatment  has  the  following  gold 
and  silver  content: 


«  Hamilton,  E.  M.,  A  development  in  electrolytic  precipitation  of  gold  and  silver  from 
cyanide  solutions :  Electrocbem.  Ind.,  vol.  2,  April,  1904,  p.  131. 
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Gold.  Silver, 

•  pennyweights,    ounces. 

Head  solution 2. 93  3. 51 

Tail   solution 0. 26  0. 29 

Precipitated  per  ton  solution «2.67         *3.22 

There  were  precipitated,  at  3  volts,  216  tons  of  solution  a  day; 
hence  there  was  recovered  898.56  grams  of  gold  and  21,632.40  grams 

of  silver.    In  depositing  the  gold  there  was  utilized —yW  =122.2 

ampere-hours.      In    depositing    the    silver    there    was    utilized 

21, 632. 40 

— 4  025  ~  5,374.5  ampere-hours,  making  a  total  of  5,496.7  ampere- 
hours.  The  area  of  cathodes  was  6,950  square  feet,  with  a  current 
density  of  0.55  ampere  per  square  foot,  or  a  total  of  3,822.5  amperes ; 
and  in  24  hours  we  have  91,740  ampere-hours,  or  an  electrical  effi- 

5  496  8 
ciency  of  -q^-  '    ^  which  is  sUghtly  less  than  6  per  cent  ampere  effi- 
ciency.   There  was  precipitated  91.1  per  cent  of  gold,  and  91.7  per 
cent  of  silver. 
The  solutions  from  slime  treatment  had  the  following  content: 

Gold,  Silver, 

pennyweights,      ounces. 

Head  solution 1.10  1.45 

TaU  solution 0. 13  0. 15 

Precipitated  per  ton  of  solution .97  1.30 

1.  5085        40. 4345 

There  was  precipitated,  at  2.6  volts,  480  tons  of  solution  per  24 
hours,  and  the  recovery  was  724.08  grams  of  gold  and  19,408.56 
frams  of  silver.     Hence  there  were  utilized  in  precipitating  gold 

724.08     ^OK  u  J    •      J        •*•  -1        19,408.56 

Y  Qg   ■=  9o»5  ampere-hours,  and  in  depositing  silver — Vnog — "■ 

4,822  ampere-hours,  making  a  total  in  useful  work  of  4,920.5  ampere- 
hours.  The  cathode  area  (like  that  of  the  anodes)  was  13,536  square 
feet.  The  density  of  0.3  ampere  per  square  foot  gives  a  total  current 
of  4,060.8  amperes;  or,  of  97,459  ampere-hours,  only  4,920.5  were 
utilized,  and  the  electrical  efficiency  was  only  5.05  per  cent.  The 
results  are  much  better  than  those  of  Siemens  &  Halske,  owing  to 
the  use  of  peroxide  of  lead  instead  of  rusty  iron  for  the  anodes  and 
of  bright  tin  instead  of  lead  for  the  cathodes.  There  was  precipi- 
tated 88.2  per  cent  of  gold  and  89.6  per  cent  of  silver.  It  should  be 
remarked  that  there  was  precipitated  simultaneously  by  the  current 
an  amount  of  copper  of  almost  half  the  weight  of  the  silver.  This 
would  considerably  increase  the  electrical  efficiency. 

•4.16  grams.  *  100.15  grams. 


I 
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Taking  the  results  quoted  in  Hamilton's  figures  for  November  and 
December,  1901,  and  for  convenience  converting  oimces  to  grams  by 
multiplying  by  31.1,  the  figures  are : 

Grams. 

Total  gold  deposited  In  two  months 84, 872 

Total  silver  deposited  in  two  months 2, 204, 772 

Total  copper  deposited  in  two  months 1, 024, 030 

For  gold,  dividing  by  7.35,  the  number  of  ampere-hours  uti- 
lized is - 11, 547 

For  silver,  dividing  by  4.025,  the  number  of  ampere-hours  uti- 
lized is 547,  769 

For  copper,  dividing  by  2.372,  the  number  of  ampere-hours  uti- 
lized is 431, 716 

I  Total    (supposing   copper   to   be   univalent)    number    of 

I  ampere-hours  utilized  is 991,032 

I  During  this  time  there  was  actually  used  11,013,640  ampere-hours; 

I  hence  the  efficiency  was  9  per  cent.   If,  however,  as  Hamilton  assumes, 

the  copper  was  bivalent  432,000  ampere  hours  should  be  added  for 
the  copper,  making  a  total  of  1,423,032,  or  an  efficiency  of  12.9  per 
cent.  Either  result  is  a  great  improvement  on  that  by  the  Siemens  & 
Halske  process. 

In  different  experiments  with  various  tonnages  of  these  solutions, 
Hamilton  has  obtained  efficiencies  of  4.83,  6.10,  13.24  and  13.90  per 
cent,  but  he  has  not  calculated  the  average.  He  has  used  practically 
the  equivalents  that  I  have  taken  for  gold  and  silver,  but  for  copper 
a  decidedly  lower  one,  being  1.206,  as  against  the  2.372  which  I  used 
for  univalent  copper.^ 

It  is  altogether  probable  that  copper,  like  gold  and  silver,  is  uni- 
valent in  cyanide  solutions ;  moreover,  cupric  cyanide  is  a  very  un-^ 
stable  compound.  Gmelin  and  Hittorf  both  claim  that  copper  dis- 
solves only  as  cuprous  cyanide.  I  have  not  investigated  the  subject, 
but  have  reason  to  believe  that,  at  the  anode,  copper  cyanides  are 
formed  which  are  of  higher  valence  than  1,  and  that  these  com- 
pounds are  subsequently  reduced  to  others  of  lower  valence  at  the 
cathode.  This  is  one  of  the  reasons  that  copper  cyanide  is  so  hard 
to  precipitate  by  electrolysis. 

STUDY  OF  CONDITIONS  GOVEENING  ELECTEOLYTIC  DEPOSITION. 

It  must  be  evident  that  the  results  obtained  at  Bodie  were  good,  so 
far  as  precipitation  is  concerned.  However,  in  24  hours,  with  the 
box  used  not  more  than  5  cubic  feet  of  solution  could  be  treated  per 
cubic  foot  of  box  capacity.  The  maximum  duty  of  the  deposition 
box  would  be  at  the  rate  of  5  tons  a  day  for  a  box  holding  1  ton  of 

•  standard   IIandl}ook  for  Electrical   Engineers,   1915,  pp.    1560-1564. 
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solution.  This  rate  did  not  seem  to  me  to  be  satisfactory,  yet  when  I 
attempted  to  increase  the  velocity  of  the  solution  above  this  rate,  a 
poor  precipitation  resulted. 

While  I  was  making  these  experiments  at  Bodie,  it  occurred  to  me 
that  a  good  way  to  increase  the  capacity  of  the  box  would  be  to  cir- 
culate the  solution  by  pumping  it  repeatedly  through  the  box,  thus 
concentrating  the  gold 

and  silver  upon  a  ^  ^  S^^^^f' ^^-^^^I'  «  « 
smaller  number  of  ^ 
electrodes  than  would 
be  necessary  if  the  box 
were  made  large  for 
complete  precipitation 
by  one  passage.  I  then 
determined  to  make  a 
systematic  study  of  all 
elements  necessary  to 
procure  complete  and 
rapid  precipitation  of 
gold  and  silver  by  elec- 
trolysis. I  had  long 
investigated  the  effect 
of  the  current  with 
sheet  -  iron  electrodes 
upon  a  solution  of  cy- 
anide of  potassium  at 
rest. 

In  referring  to  this 
past  work  I  found  that 
there  had  been  used 
about  one-half  liter  of 
1  per  cent  cyanide  solu- 
tion at  rest.  Into  this 
solution  I  immersed  a 
sheet-iron  anode  12J 
by  13  centimeters  in 
size,  and  a  sheet-lead 
cathode  of  about  the 
same  dimensions,  spacing  these  IJ  inches  apart.  I  used  a  storage  bat- 
tery of  approximately  2  volts  at  first,  and  after  2i  hours  raised  the 
voltage  to  4  volts.  The  resulting  ampere  curves  and  the  cyanide 
curves  are  shown  in  figure  1. 

The  experiment  lasted  45  hours.  At  the  end  of  the  period  the 
cyanide  was  reduced  to  0.03  per  cent,  showing  that  97  per  cent  had 
been  destroyed.  It  will  be  seen  that  the  current  diminished  almost 
immediately,  owing  to  polarization  effects  and  oxidation  of  the 
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anode.    The  anode  was  only  slightly  oxidized,  an  almost  impercepti- 
ble film  of  oxide  of  iron  having  formed. 
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HOURS 
FiouBB  2. — Curves   from  experiments  on  electrodepositlon  of  gold   from   solution   of 
cyanide  of  potassium.     Iron  anode,  12|  by.  13  cm.;  lead  cathode,   12i  by   13   cm.; 
current,  2  volts  from  storage  cell ;  ECy,  0.065  per  cent ;  Au,  0.005  per  cent ;  volume 
of  solution,  500  c.  c. ;  Au,  2.5  mg.-"$8  a  ton ;  electrodes  11  cm.  apart. 

Following  these  tests  and  in  the  same  apparatus  a  cyanide  solu- 
tion was  treated  containing  0.065  per  cent  of  free  cyanide  and  $3  a 


FiGCEE  8. — Curves  from  experiments  on  electrodepositlon  of  gold  from  solution  of 
cyanide  of  potassium.  Iron  anode,  12i  by  18  cm. ;  lead  cathode,  12)  by  13  cm. ;  elec- 
trodes 1|  cm.  apart ;  current,  2  volts  from  storage  cell ;  volume  of  solution,  500  c.  c. ; 
Au,  $15  a  ton ;  ECy,  0.065  per  cent. 

ton  in  gold.    The  results  of  the  experiment  showed  that  in  17  hours 
only  88  per  cent  of  the  gold  was  precipitated.    The  cyanide  was  con- 
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tinuously  destroyed,  only  0.04  per  cent  remaining  at  the  end  of  the 
experiment.    The  results  of  this  test  are  shown  in  figure  2. 

In  the  same  apparatus  a  0.06  per  cent  cyanide  solution  containing 
$16  a  ton  in  gold  was  treated.  One  storage  cell  was  used  and  the 
experiment  lasted  for  40  hours.  The  results  are  shown  in  figure  3. 
.  At  the  end  of  24  hours  the  gold  was  reduced  from  $15  to  $1.30 
a  ton.  One-half  the  cyanide  then  had  been  destroyed.  At  this 
time  I  added  sodium  chloride,  a  suggestion  of  Mr.  Butters,  so  as 
to  make  a  solution  containing  1.75  per  cent  NaCl.  The  current 
jumped  immediately  from  about  1  milliampere  to  800,  and  at  the 
end  of  40  hours  remained  100  milliamperes.     The  gold  had  been 
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Figure  4. — Curves  from  experiments  on  electrodeposltion  of  gold  from  solution  of 
cyanide  of  potassiom.  Iron  anode,  12&  by  13  cm. ;  lead  cathode,  121  by  13  cm. ;  elec- 
trodes 1}  cm.  apart ;  current,  4  volts  from  two  storage  cells ;  Au,  $15  per  ton ;  KCy, 
0.065  per  cent. 

reduced  to  $1.08  a  ton,  and  the  cyanide  to  0.01  per  cent,  so  that 
only  83.3  per  cent  of  the  gold  was  precipitated.  Five-sixths  of  the 
cyanide  had  been  destroyed.  The  low  rate  of  precipitation  in  this 
experiment  led  me  to  increase  the  voltage  to  4  volfs,  using  two  stor- 
age battery  cells.  For  this  I  used  an  0.065  per  cent  cyanide  solution 
containing  gold  to  the  value  of  $15  a  ton,  the  remaining  conditions 
being  as  before.  The  results  are  shown  in  figure  4.  At  the  end 
of  17  hours  the  cyanide  had  been  reduced  to  0.002  per  cent,  79.94 
per  cent  of  the  gold  had  been  precipitated,  and  97  per  cent  of  the 
cyanide  had  been  destroyed.    The  results  did  not  then  look  promis- 
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ing,  but  when  compared  with  the  results  of  my  later  experiments, 
they  show  the  great  progress  that  has  been  made  in  this  investigHr- 
tion. 

One  of  the  first  things  to  be  noted  in  the  results  is  the  rapid  fall 
of  the  current,  which  continued  to  decrease  throughout  the  whole 
process.    I  noticed  that  whenever  either  of  the  electrodes  was  agi- 
tated so  as  to  displace  the  solution  in  immediate  contact,  the  current 
immediately  increased,  falling  again  as  soon  as  the  solution  came  to 
rest  and  the  conditions  were  reestablished  by  electrolysis.    This  was 
evidently  due  to  the  weU-known  phenomena  of  polarization.    It  was 
made  evident  by  these  experiments  that  the  precipitation  of  gold 
and  silver  from  cyanide  solutions  was  a  problem  of  great  difficulties. 

HOW  DOUBLIl  CYANIDES  BEACT  IN  ELECTBOLTSIS. 

The  solutions  of  the  double  cyanides  seemingly  act  much  differ- 
ently from  those,  for  instance,  of  either  sulphates  or  chlorides  of  a 
metal  like  copper.  With  solutions  of  these  latter  salts  rapid  and 
complete  precipitation  would  at  once  ensue.  To  those  familiar  with 
the  conditions  of  electroplating  gold  and  silver  in  cyanide  solutions, 
the  electrodeposition  process  seems  to  be  a  natural  and  easy  one^ 
but  the  conditions  there  maintained  are  different  from  those  prevail- 
ing in  solutions  used  in  ore  treatment.  With  solutions  such  as 
are  used  in  electroplating  the  density  is  sufficient  to  produce  a  very 
good  conductor.  The  solution  is  rich  in  gold  or  silver,  and  the  metal 
deposited  is  replaced  as  fast  as  it  is  precipitated  by  a  supply  from 
the  soluble  anodes.  Hence  the  electrochemical  conditions  are  suit- 
ably maintained.  However,  in  the  treatment  of  solutions  result- 
ing from  ore  treatment,  solutions  have  to  be  handled  that  assay  less 
than  $6  per  ton,  and  contain  less  than  0.001  per  cent  of  metallic  gold. 
This  solution  must,  perhaps,  be  reduced  to  less  than  6  cents  per  ton, 
or  0.00001  per  cent  of  gold.  No  one  would  attempt  such  a  task  with 
a  metal  less  valuable  than  gold  or  silver. 

The  first  part  of  the  gold  in  electrolysis  is  readily  removed,  but  the 
deposition  becomes  increasingly  difficult  toward  the  end,  and  it  is 
theoretically  and  practically  impossible  to  remove  the  last  traces  of 
the  gold  from  such  solutions.  The  chief  cause  of  the  great  difficulty 
is  that  the  gold  and  silver  form  what  are  known  as  "  complex  ions  " 
in  the  cyanide  solution.  For  instance,  if  a  solution  containing  pure 
ELA.uCy2  but  no  free  cyanide  be  considered,  one  is  dealing  with  a 
substance  which  crystallizes  in  white  crystals,  looking  very  much 
like  granulated  sugar,  soluble  in  water  and  forming  a  colorless  solu- 
tion. This  solution,  if  sufficiently  dilute,  according  to  the  ionic 
theory  breaks  up  into  two  ions,  the  simple  ion  K  carrying  a  positive 
charge  of  electricity,  and  the  complex  ion  AuCy  2  carrying  a  negative 
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charge.  When  an  electric  current  is  passed  through  such  a  solution, 
with  platinum  electrodes,  the  potassium  ion  carrying  the  plus  charge 
of  electricity  travels  to  the  negative  pole,  and  if  there  is  suflScient 
gold  cyanide  in  the  vicinity  it  decomposes  some  of  the  cyanide,  pre- 
cipitating the  gold  on  the  cathode  and  setting  free  the  cyanide. 
Meantime  the  complex  ion  AuCya,  with  its  negative  charge  of  elec- 
tricity, travels  to  the  anode,  and  there  forms  a  pale  yellowish,  slimy 
film  which  protects  the  anode  from  further  action  by  the  current. 
Hence,  with  such  a  solution,  electrolysis  soon  comes  to  a  stop,  the 
anode  being  insulated  by  the  slimy  coat  of  AuCy  3.*  As  was  proved 
by  Hittorf,^  the  same  action  takes  place  with  potassium  argento- 
cyanide,  the  only  outward  difference  being  that  the  slimy  film  of 
AgCy  2  is  white. 

Because  of  the  formation  of  the  insoluble  and  insulating  slimes 
on  the  anode  it  is  always  necessary,  in  electroplating,  to  have  some 
free  cyanide  of  potassimn  in  the  solution  to  redissolve  this  film. 
Caustic  potash  may  be  used  instead,  but  is  not  so  satisfactory.  For 
instance,  AuCyj  partly  decomposes  into  AuCy  and  Cy.  The  Cy 
partly  oxidizes  to  cyanate  and  partly  changes  to  cyanide  of  potas- 
sium. AuCy  redissolves  in  the  excess  of  free  cyanide  if  pres- 
ent, or  in  KHO  if  only  the  latter  is  present.  With  the  KHO,  cyanate 
and  cyanide  of  potassium  are  formed  and  the  essential  salt  of  the 
solution  is  regenerated.  This  rather  complicated  process  is  hard  to 
understand  and  a  little  difficult  to  explain,  but  there  is  no  doubt 
about  its  occurrence.  As  regards  silver  cyanide  the  reactions  men- 
tioned were  demonstrated  quantitatively  by  Hittorf. 

In  order  to  appreciate  the  importance  of  this  peculiarity  of  cyanide 
solutions,  consideration  might  be  given  to  the  electrolysis  of  nitrate 
of  silver.  The  Ag  goes  directly  to  the  cathode,  and  NOg  travels  to 
the  anode.  Hence  for  every  atom  of  silver  precipitated  at  the  cathode 
one  atom  disappears  from  the  solution  near  the  cathode.  But  in  the 
electrolysis  of  cyanide  of  gold  or  silver,  for  every  atom  of  gold  or 
silver  precipitated  at  the  cathode  two  atoms  are  removed  by  the  cur- 
rent, one  being  precipitated  by  the  K  ion  and  the  other  traveling  to 
the  anode.  Hence  it  must  be  evident  that  the  action  of  the  current 
fenders  further  precipitation  of  the  gold  more  and  more  difficult. 
Julian  and  Smart''  claim  that  this  discovery  was  made  by  Daniell 
and  Miller.    They  say — 

Daniell  and  Miller  (Philos.  Trana,  1844,  p.  1)  investigated  the  nature  of  the 
Ions,  and  found  that  when  an  electric  current  is  passed  through  a  solution  of 
KAuCy*  or  KAgCy*  the  K  is  the  positive  ion  and  goes  to  the  cathode,  while 

« See  Christy,  S.  B.,  On  the  solatlon  and  precipitation  of  cyanide  of  gold :  Trans. 
Am.  Inst.  Min.  Eng.,  voL  26.  1896,  p.  758. 

^Hittorf,  W.,  ijber  die  Wanderungen  der  lonen  w&hrend  der  Elektrolyse,  1859;  re- 
printed in  Ostwald's  Klassiker  der  exakten  Wissenschaften  No.  23,  1891,  p.  74. 

'  Julian,  H.  F.,  and  Smart,  EMgar,  Cyanidlng  gold  and  sUver  ores,  1904,  p.  121. 
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the  n^rative  ion  consists  of  gold  or  silver  and  cyanogen,  and  this  goes  to  the 
anode.  Hittorf  has  since  confirmed  this  and  assumes  the  negative  ion  to  be 
AuCys  for  gold  and  AgOya  for  silver.  That  is  to  say,  that  when  these  complex 
salts  are  electrolyzed,  the  gold  and  silver  move  in  the  opposite  direction  to 
that  taken  in  the  case  of  simple  salts. 

• 

The  foregoing  abstract  quotation  appears  to  contain  several  mis- 
statements: In  the  first  place,  nowhere  in  the  reference  given  do 
Daniell  and  Miller  make  any  reference  to  the  cyanides  of  gold  or 
silver.  They  do  discuss  potassium  ferro  and  ferri  cyanide,  cyanide 
of  potassium,  and  sulphocyanide  of  potassium,  but  nowhere  in  the 
article  mentioned  nor  in  any  other  of  the  Philosophical  Trans- 
actions from  1842  up  to  1860,  do  they  make  any  statement  that  can 
be  twisted  into  such  an  assertion.  They  state  that  they  intend  to  in- 
vestigate other  cyanides,  but  they  do  not  seem  to  have  done  so. 

It  may  further  be  remarked  that  the  work  of  Hittorf  seems  to 
have  been  both  imderrated  and  overrated.  No  references  by  Julian 
and  Smart  are  given  to  Hittorf 's«  work,  a  full  account  of  which  has 
been  reprinted  by  Ostwald.  The  work  of  Daniell  and  Miller  was  of 
great  importance  to  electrolytic  science,  but  it  contained  numerous 
errors  which  were  cleared  up  by  the  skillful  work  of  Hittorf  which 
is  a  model  of  scientific  accuracy.  Hittorf  with  punctilious  care 
seems  to  have  given  full  credit  to  Daniell  and  Miller  for  the  good 
work  done  by  them,  but  there  is  no  mention  of  their  having  done 
any  work  with  the  cyanides  of  gold  and  silver.  He  seems  to  have 
been  the  first  to  have  shown  that  in  the  electrolysis  of  a  KAgCy^ 
solution  the  K  goes  to  the  cathode  and  the  AgCyg  to  the  anode. 
However,  he  makes  no  mention  of  KAuCyj  solution,  though  he  does 
treat  of  HAUCI4. 

Ostwald^  has  collected  data  on  all  the  known  velocities  of  ionic 
transfer,  and  he  gives  the  values  for  K  and  Ag  (CN) ,  and  credits  the 
work  to  Hittorf.  Nowhere  is  any  mention  made  of  K  and  AuCyj, 
though  the  list  covers  eight  pages.  Hence  I  assume  that  Julian  and 
Smart  have  claimed  too  much  for  Daniell  and  Miller.  Whether  I 
was  the  first  to  call  attention  to  the  nature  of  the  electrolytic  reaction 
in  solutions  of  KAuCyj,*'  I  do  not  know ;  but  I  believe  that  I  can  fairly 
claim  to  have  been  the  first  to  bring  out  the  practical  importance  of 
it  in  electrodeposition  from  cyanide  solutions.  The  reaction  is  of 
controlling  importance  in  all  electrocyanide  processes  and  yet  it  is 
not  understood  by  many  of  the  writers  on  the  cyanide  process  or  by 
many  authors  of  chemical  textbooks. 

•  Hittorf,  W.,  tJber  die  Wanderungen  der  lonen  wfihrend  der  Elektrolyse,  1859 ;  re- 
printed in  Ostwald's  Klasslker  der  exakten  Wissenschafton  Nos.  21  and  28,  1891,  87 
and  142  pp. 

^Ostwald,  Wllhelm,  Cbemlscbe  En^rgie,  2d  ed.,  1898,  p.  608. 

«  See  Christy,  8.  B.,  The  solution  and  precipitation  of  cyanide  of  gold :  Trans.  Am. 
Inst  Mln.  Bng.,  vol.  20,  1896.  pp.  758-759. 
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Sir  Humphrey  Davy's  original  idea  as  to  the  composition  of  salts 
as  against  the  ideas  of  his  time  has  been  confirmed  by  more  recent 
scientific  investigations.  Daniell  and  Miller  do  not  seem  even  to 
have  been  the  first  to  discover  the  complex  ions  of  potassium  ferro- 
cyanide,  ferri-cyanide,  and  sulpho-cyanide.  To  Hittorf  belongs  the 
credit  of  expanding  and  completing  the  application  of  the  results  of 
early  investigators  to  potassium  silver  cyanide.  Ostwald  deserves 
the  credit  of  generally  clearing  up  the  subject  by  the  invention  of  the 
term  "  complex  ion.''  As  far  as  I  am  aware  he  did  not  extend  his 
work  to  include  ELALuCyj. 

The  separate  experiments  upon  which  I  based  the  statements  made 
in  1896  were  with  cyanides  of  silver,  of  gold,  and  of  copper.  I  used 
pure  solutions  of  the  double  salts  of  potassium  and  of  the  several 
metals  without  free  cyanide.  A  platinum  dish  was  the  cathode,  a 
platinum  wire  the  anode.  I  found  that  the  current  was  soon  stopp.ed 
by  the  formation  of  a  nonconducting  slimy  coating  of  varied  color. 
With  KAgCy2  the  coating  was  of  a  pale  white  appearance  and  had  a 
faint  yellow  cast.  The  slime  from  the  KAuCya  was  yellow  with  a 
pale  green  cast.  With  copper  the  anode  slime  was  a  bright  grass 
green  or  yellowish  green.  The  accumulation  of  any  one  of  these  pre- 
cipitates gradually  stopped  the  electric  current.  When  the  crust 
of  precipitate  was  scraped  off  the  anode,  so  as  to  fall  on  the  cathode, 
it  retained  its  shape  but  was  reduced  to  the  metal — silver,  gold,  or 
copper — according  with  the  composition  of  the  double  cyanide. 
Similar  crusts  form  on  the  anodes  in  electroplating  when  insufficient 
free  cyanide  is  used,  as  is  well  known  to  all  electroplaters,  but  I  have 
not  been  able  to  find  the  explanation  of  this  phenomenon  in  any 
of  the  many  books  on  electroplating  published  before  1896. 

Fortunately  a  comprehensive  bibliography  on  this  subject  has  been 
prepared  by  McBain.*  It  is  claimed  to  be  complete  to  the  end  of  the 
year  1905.  All  the  work  of  Daniell  is  included  in  this  outline,  and  no 
mention  is  made  of  his  ever  having  determined  the  migration  veloc- 
ities of  KAgCyg  or  of  KAuCyj.  The  relative  velocity  of  the  potas- 
sium ion  in  KAgCyj  was  determined  to  be  0.594  in  a  solution  contain- 
ing 1  gram-molecule  in  1^  liters.^  Nobody  seems  to  have  determined 
the  migration  velocities  of  the  ions  of  K AuCyj  up  to  the  end  of  1905. 

Unfortunately  at  variance  with  the  statements  made  by  Julian 
and  Smart,  the  fact  appears  that  Daniell  was  not  the  first  to  observe 
the  true  nature  of  electrolysis  of  complex  ions. 

<*  McBain,  J.  W.,  Experimental  data  of  the  quantitative  measurements  of  electrolytic 
migrations :  Wash.  Acad.  Scl.,  voL  9,  July  81,  1907,  pp.  1-78. 

*  Hittorf,  W.,  Uber  die  Wanderungen  der  lonen  wUbrend  der  Electrolyse,  1859;  re- 
printed In  Ostwald's  Klasslker  der  exakten  Wlsaenschaften  No.  28,  1891,  142  pp. 
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The  first  observer  seems  to  have  been  Robert  Porrett  in  1814.®  The 
paper  mentioned  is  signed  "  Tower,  Jime  6, 1814."  It  would  appear 
from  the  large  number  of  French  chemical  terms  used  that  Mr.  Por- 
rett must  have  been  a  Frenchman,  probably  residing  in  England^ 
and  not  a  member  of  the  Royal  Society. 

Porrett  seems  to  have  had  a  correct  idea  of  the  composition  of  the 
salts  known  as  triple  prussiates,  and  to  have  fought  the  idea  then 
prevailing  that  the  triple  prussiates  were  simple,  double  cyanides. 
Thus,  he  says: 

I  consider  the  salts  termed  triple  prussiates  as  binary  compounds  of  an 
add  with  a  single  base ;  as  salts  which  do  not  contain  any  prusslc  acid,  nor  any 
oxide  of  iron  as  a  base,  although  both  the  substances  may  be  obtained  from 
^  them  by  a  decomposition  of  their  acid. 

The  first  experiment  which  I  shall  adduce  in  support  of  the  above  opinion  is 
one  with  the  voltaic  battery ;  it  appeared  to  me  that  this  instrument  would  show 
whether  the  oxide  of  iron  in  the  triple  prussiates  existed  In  them  as  a  base,  or 
as  an  element  of  a  peculiar  acid  by  attracting  it  to  the  negative  pole  in  the 
former,  and  to  the  positive  pole  in  the  latter  case.  I  therefore  exi)osed  a  solu- 
tion of  triple  prusslate  of  soda  to  the  agency  of  a  small  battery  of  50  pairs  of 
double  plates  of  one  inch  and  a  quarter  square,  kept  in  action  for  20  hours, 
the  solution  was  connected  by  platinum  wire  with  the  negative  pole,  and  by 
filaments  of  cotton  with  distilled  water  which  communicated  by  platinum 
wire  with  the  positive  pole.  Thus  circumstanced  the  triple  prusslate  of  soda 
was  decomposed,  its  acid  (consisting  of  the  elements  of  prusslc  acid  and  black 
oxide  of  iron)  was  carried  over  to  the  positive  pole;  here  meeting  with  oxygen 
from  the  decomposing  water,  it  underwent  a  farther  change  by  which  it  was 
converted  Into  prusslc  acid  which  was  partly  volatilized,  and  into  blue  triple 
prusslate  of  iron  which  formed  there  in  abundance ;  the  liquid  at  the  negative 
pole  after  this  process  contained  only  soda  with  a  trace  of  undecomposed 
triple  prusslate.  In  this  experiment  I  consider  the  circumstance  of  the  black 
oxide  of  iron  being  carried  over  to  the  positive  pole  as  a  proof  that  it  went 
there  as  an  element  of  an  acid,  for  as  a  base  it  must  have  remained  at  the 
negative  pole. 

Porrett  seems  to  have  discovered  also  sulpho  cyanate  of  potassium 
(which  he  calls  "  red-tinging  acid  ")  by  boiling  Prussian  blue  with 
sulphide  of  potassium,  and  also  by  heating  to  redness  animal  char- 
coal and  sulphide  of  potassium,  as  well  as  by  other  means.  He  sub- 
jected this  solution  to  the  action  of  electrolysis  and  found  that  the 
new  acid  was  carried  to  the  positive  pole  without  decomposition  or 
the  separation  of  any  sulphur.  This  would  clearly  prove,  it  seems 
to  me,  that  to  Porrett  belongs  the  credit  of  first  proving  the  reaction 
that  takes  place  when  "  complex  ions,"  as  they  are  now  termed,  are 
electrolyzed. 

The  first  quantitative  work  on  "transfer  values"  seems  to  have 
been  done  with  sulphate  of  sodium  by  Faraday  ^  in  1833.    Daniell's 

•  Porrett,  Robert,  jr..  On  the  nature  of  the  salts  termed  triple  pruRslates,  and  on  adds 
formed  by  the  union  of  certain  bodies  with  tiie  elements  of  the  pmssic  acid :  Phil.  Trans. 
Roy.  Soc.  Lond.,  1814,  pp.  527-556. 

*  Faraday,  Michael,  Experimental  researches  in  electricity :  Phil.  Trans.  Roy.  Soc. 
lA>nd.,  1883,  pt  1,  p.  86. 
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first  work  was  reported  in  1839,  and  his  last  work  seems  to  have  been 
done  in  1844,  whereas  Hittorf s  work  was  from  1853  to  1859. 

The  theories  foreshadowed  by  Sir  Humphrey  Davy,  proved  to  be 
true  by  Porrett  and  by  Faraday,  afterwards  confirmed  by  Daniell 
and  Miller,  and  carried  to  perfection  in  Hittorf 's  classic  work,  have 
been  of  the  greatest  importance  not  only  to  chemical  science  but  to 
practical  technology.  The  work  of  these  men,  not  even  yet  fully 
appreciated,  was  for  many  years  a  subject  of  bitter  controversy. 

PRACTICAL  APPLICATION  OF  THE  LAW. 

It  soon  became  evident  to  me  that  the  necessary  electrolytic  reac- 
tion with  the  double  cyanides  was  one  of  the  chief  causes  of  slow 
precipitation,  in  short,  that  the  gold  content  at  the  cathode  was  so 
rapidly  diminished  that  the  potassium  ion  when  brought  Jto  the 
cathode  by  the  electric  current  found  there  no  gold  to  precipitate. 
Consequently,  electrical  energy  was  wasted,  water  being  decomposed, 
and  caustic  potash  and  hydrogen  were  formed  to  no  useful  purpose. 
The  gold  was  accumulated  at  the  anode  where  it  acted  injuriously 
by  increasing  the  resistance. 

It  occurred  to  me  that  both  these  evils  could  be  at  once  met  by  a 
rapid  circulation  of  the  solution  from  anode  to  cathode,  so  that 
the  gold  collected  at  the  anode,  where  it  was  doing  only  harm,  could 
be  swept  to  the  cathode  where  the  potassium  ions,  instead  of  decom- 
posing water,  would  precipitate  gold.  With  sheet  electrodes  it  was 
not  easy  to  obtain  this  result,  whether,  as  in  my  first  process,  the  elec- 
trodes were  transverse  to  the  box,  and  the  circulation  up  and  down 
between  them,  or  whether,  as  in  most  recent  installations  of  the 
Siemens  and  the  Butters  processes,  the  electrodes  hung  longitudi- 
nally in  the  box,  and  the  solution  passed  directly  between  them. 
With  none  of  these  arrangements  could  the  direct  replenishment  of 
the  cathode  solution,  so  necessary  to  good  results,  be  effected.  This 
requirement  could  be  met  only  by  the  use  of  pervious  anodes  and 
cathodes,  either  of  sheet  metal  or  of  wire  cloth.  Perforated  sheet 
electrodes  were  first  used  but  the  cyanide  of  gold  and  silver  accumu- 
lated on  the  anode  spaces,  between  the  holes,  where  the  circulation 
was  poor.    I  then  resorted  to  the  use  of  iron-wire  cloth. 

The  first  anodes  were  made  of  iron-wire  cloth  of  8  meshes  to  the 
linear  inch,  the  wires  being  1  mm.  thick.  A  single  sheet  was  used 
which  was  3J  inches  wide  by  4  inches  high,  only  about  2^  inches 
being  submerged.  It  was  stiffened  by  a  thin,  sheet-iron  fold  having 
a  copper  conductor  riveted  to  the  top.  The  first  cathodes  were  of 
similar  dimensions  and  were  made  of  one-fourth-millimeter  iron- 
wire  cloth  of  30  meshes  to  the  linear  inch.  I  afterwards  found  that 
such  cathodes  offered  too  much  resistance  to  the  current  and  finally 
made  them  of  about  one-half-millimeter  wire  cloth  of  16  openings  to 
the  linear  inch.    Such  a  piece  of  wire  cloth  has  almost  exactly  the 
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same  area  for  the  submerged  wires  as  would  be  presented  by  a  solid 
sheet  of  metal  of  the  same  cross  section  exposed  on  both  sides. 

It  is  well  known  that  when  oxidation  is  desired  in  electrolysis  a 
large  anode  area  should  be  used.  When  reduction  is  wanted  a  large 
cathode  area  should  be  used.  As  reduction  rather  than  oxidation  was 
the  purpose  of  the  process  it  seemed  wise  to  have  a  larger  area  of 
cathode  than  of  anode.  Hence,  five  such  cathode  sheets  were  fastened 
together  and  brought  into  contact  with  a  copper  conductor,  above  the 
water  level,  by  crimping  them  at  the  top  by  a  fold  of  sheet  iron  and 
at  the  bottom  by  similar  small  sheet-iron  crimps.  This  makes  what 
I  term  herein  "bunches  of  five."  After  various  trials  I  found 
that  two  such  "  bunches  of  five  "  cathodes,  ten  sheets  in  all,  could  be 
effectively  inserted  between  each  pair  of  anodes.  The  metal  then  de- 
posits«on  all  of  the  ten,  most  of  course  on  the  sheets  next  to  the  anodes, 
but  upon  all  in  time.  These  cathodes  were  three-sixteenths  inch 
thick  at  the  crimps  and  one-quarter  inch  at  the  widest  part.  The  anodes 
were  insulated  from  the  cathodes  by  vertical  rubber  bands  one-eighth 
inch  thick.  This  arrangement  was  compact,  giving  over  five  times  as 
much  cathode  as  anode  area.  Since  wire  cloth,  as  manufactured,  is 
coated  with  a  protective  coating  of  oil,  it  was  always  necessary  to 
bum  this  off  at  a  red  heat  before  constructing  the  electrodes.  To 
avoid  undue  oxidation,  this  burning  must  be  done  with  care,  particu- 
larly when  the  wire  cloth  is  to  be  used  for  cathodes.  A  slight  film 
of  black  magnetic  oxide  on  the  anodes  is  an  advantage  rather  than  a 
detriment,  as  it  partly  protects  them  from  attack  by  the  solution. 
With  solutions  free  from  salt  and  soluble  sulphates  the  iron  anodes 
are  hardly  attacked.  Some  of  these  anodes  and  cathodes  that  have 
been  in  use  at  intervals  for  14  years  are  still  serviceable. 

Another  advantage  of  the  wire-cloth  cathodes  is  that  a  dense  cur- 
rent can  be  used  without  forming  a  loose  deposit,  and  hence  a  rapid 
deposition  can  be  obtained.  The  deposited  metal  tends  to  form 
about  the  wire  a  tube,  which  adheres  firmly.  This  has  long  been 
recognized  in  the  electrolytic  assay  of  copper,  where  the  use  of  plati- 
num-wire gauze  has  so  much  reduced  the  time  necessary  for  com- 
plete precipitation. 

The  advantages  of  the  use  of  wire-cloth  cathodes  were  as  follows : 

1.  Direct  and  effective  circulation  of  the  solution  from  anode  to 
cathode. 

2.  Larger  area  of  cathode  than  of  anode. 

3.  Use  of  a  denser  electric  current  without  waste. 

All  of  these  advantages  were  not  appreciated  at  once,  but  became 
gradually  of  more  apparent  importance  as  the  investigation  went- on. 
The  first  experiments  were  tentative,  and  though  the  methods  used 
were  rather  crude,  compared  with  later  ones,  I  give  them  rather  fully 
because  of  the  importance  of  the  details. 
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FBELIMINABY  EXPEtHTffENTS. 

On  September  17, 1900, 1  took  a  box  28^  centimeters  long  by  6  cen- 
timeters deep  and  7  centimeters  wide,  and  holding  1,195  liters  (0.0422 
cubic  foot)  of  liquid.  In  this  were  placed  eight  anodes  made  of  sheets 
of  8-mesh  iron-wire  cloth,  of  wires  1  mm.  in  diameter.  The  nine 
cathodes  were  made  of  iron- wire  cloth  of  30  meshes  to  the  linear  inch. 
The  immersed  area  of  the  cathodes  was  6^  square  inches,  or  0.0476 
square  foot.  The  actual  surface  of  the  cathodes  was  approximately 
double  that  area,  or  13^  square  inches  (0.0952  square  foot).  I  used 
8  liters  of  solution  of  0.2  per  cent  KCy,  assaying  15.87  mg.  of  silver 
per  100  c.  c. 

At  3.40  p.m.  the  first  experiment  was  started,  the  current  being 
0.20  ampere,  at  1.1  volts,  and  the  solution  containing  0.19  per  cent 
KCy  and  15.87  mg.  of  silver  per  100  c.  c.  The  source  of  current  was  a 
storage  battery  of  2  volts  on  an  open  circuit.  Some  resistance  was 
used  in  series  with  the  battery  to  adjust  the  voltage.  At  5  p.  m. 
the  solution  had  passed  through  the  box  once,  and  the  current  was 
found  to  be  0.16  ampere  at  1.25  volts,  the  solution  containing  0.18  per 
cent  KCy  and  5.61  mg.  of  silver  per  100  c.  c.  The  recovery  in  the  one 
passage  through  the  box  was  therefore  64.50  per  cent. 

During  this  experiment  no  evolution  of  gas  at  the  cathodes  was 
visible  or  audible.  After  the  first  run  had  been  finished^  8.4  c.  c.  of 
nitrate  of  silver,  or  0.084  gram  of  silver,  got  into  the  solution  by  acci- 
dent. In  order  to  neutralize  this,  a  proper  proportion  of  cyanide  of 
potassium  was  added  to  the  solution.  This  increased  the  original 
assay  value  of  the  solution  to  16.98  mg.  of  Ag  per  100  c.  c.  The  solu- 
tion was  then  left  at  rest  over  night,  with  the  battery  connected.  The 
voltage  rose  to  1.75,  and  the  current  fell  to  0.06  ampere,  and  by  morn- 
ing the  content  of  Ag  had  been  reduced  to  0.30  mg.  per  100  c.  c. 

At  9.25  a.  m.  the  solution  was  started  a  second^  time  through  the  box. 
The  voltage  was  1.75  volts  and  the  current  0.10  ampere.  The  solution 
had  all  passed  through  at  1.30  p.  m.  The  silver  had  been  reduced  to 
0.74  mg.  per  100  c.  c,  showing  that  there  had  been  precipitated,  in 
the  first  and  second  run,  95.64  per  cent  of  the  original  content. 

At  2.10  p.  m.  the  third  run  was  begun  at  1.75  volts  and  0.2  ampere. 
The  run  was  finished  at  2.50  p.  m.  The  solution  contained  0.16  per 
cent  KCy  and  0.54  mg.  of  silver  per  100  c.  c.  The  recovery  was  96.82 
per  cent. 

At  2.55  p.  m.  the  fourth  nm  was  started  at  1.8  volts  and  0.35  am- 
pere. The  solution  contained  0.16  per  cent  KCy  and  0.29  mg.  of  silver 
per  100  c.  c.    The  recovery  was  98.29  per  cent. 

At  3.18  p.  m.  the  fifth  run  was  started  and  was  finished  at  3.35  p.  m. 
The  solution  contained  0.16  per  cent  KCy  and  0.20  mg.  of  silver  per 
100  c.  c.    The  recovery  was  98.82  per  cent. 
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At  3.39  p.  m.  the  sixth  run  was  started  and  was  finished  at  5.14  p.  m. 
The  solution  contained  0.15  per  cent  KCy  and  0.09  mg.  of  silver  per 
100  c.  c.    The  recovery  was  99.47  per  cent. 

A  r6sum6  of  the  results  during  the  total  period  of  8.3  hours  follows: 

Results  of  early  experiments  with  electrodepasition  of  sUver, 


Run  No. 

Duration 
ofnin. 

Recovery. 

Silver  re- 
maining 
in  residue. 

1 

Houn. 

1.55 

4.08 

.66 

.40 

.28 

1.55 

Percent. 
64.50 
95.64 
96.82 
98.29 
98.82 
99.47 

Percent. 
35.50 
4.36 
3.18 
1.71 
1.18 
.53 

2 

3 

4 

5 

6 

Some  solution  was  consumed  in  the  samples,  but,  making  no  allo^v- 
ance  for  this,  8  liters  of  solution  was  treated,  the  silver  content  being 
reduced  to  0.53  per  cent  in  8.30  hours.  The  box  held  1.2  liters  of 
solution,  but  the  electrodes  occupied  somewhat  less  than  1  liter  of 
this  space,  so  that  the  solution  was  treated  at  the  rate  of  about  1 
liter  per  hour  in  a  1-liter  box,  the  silver  recovery  being  99.47  per 
cent  Thus  the  capacity  of  the  box,  with  wire-cloth  electrodes,  was 
24  liters  per  24  hours,  or  nearly  five  times  the  capacity  with  the 
plain  electrodes  used  in  my  experiments  at  Bodie.  The  solution  of 
8  liters  passed  through  the  box  six  times  in  the  8.3  hours,  or  roughly 
speaking,  it  required  1.4  hours  for  8  liters  to  pass  once,  and  hence  it 
required  on  an  average  1.75  hours  for  1  liter  to  pass  through  the  box 
The  average  rate  of  flow  through  the  box  was  5.7  liters  per  hour. 

CIBCXTLATION    OF    SOLUTION. 


The  importance  of  a  proper  rate  of  flow  through  the  box  is  evident 
from  the  following  notes  taken  during  the  first  run : 

12.30  p.  m. — Volts,  1.60 ;  amperes,  0.120 ;  solution  in  circulation. 

12.45  p.  m. — Circulation  stopped;  voltage  at  once  raised  to  1.73;  amperes 
fell  to  0.070. 

1.00  p.  m. — Volts,  1.74 ;  amperes,  0.068 ;  solution  at  rest. 

1.30  p.  m. — Volts,  1.75;  amperes,  0.060;  solution  at  rest. 

2.10  p.  m. — Solution  started  through  the  box  for  the  third  time;  volts,  1.7ri; 
amperes,  0.200. 

In  all  the  experiments,  when  the  circulation  of  the  solution  was 
stopped,  the  current  dropped,  and  the  voltage  rose.  The  solution  was 
made  to  circulate  by  hand,  and  after  having  passed  through  the  box 
once  it  was  placed  again  at  the  head  and  allowed  to  flow  again,  the 
rate  being  regulated  by  the  stopcock.  The  results  from  the  first  run 
indicated  that  I  was  on  the  right  track  to  increase  the  capacity  oi 
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the  box,  and  the  subsequent  experiments  were  undertaken  to  de- 
termine the  best  conditions. 

In  all  my  first  experiments  the  circulation  was  made  by  hand,  as 
described ;  but  it  soon  became  evident  that  a  rapid  rate  of  circula- 
tion was  so  important  that  some  automatic  means  ought  to  be  used. 
For  the  purpose  a  small  crude  centrifugal  pump  like  that  shown  in 
.  figure  5  was  made. 

A  number  of  persons  have  tried  to  verify  my  results  on  a  small 
scale  without  using  a  proper  means  of  circulation.  Centrifugal 
pumps  as  small  as  that  ehown  are  not  to  be  purchased  and  it  is 


FiauBB  S. — SmaU  double  ceatrlfugal  pump  used  la  elrcnlatlDjf  solutions. 

necessary  to  make  them,  but  they  need  not  be  elaborate  or  costly. 
The  small  double  centrifugal  pump  shown  can  easily  be  constructed 
in  any  machine  shop  at  small  expense.  It  gives  ample  circulation 
for  electrodes  10  by  10  cm.,  or  4  by  4  inches.  This  size  is  most 
convenient,  as  it  has  a  sectional  area  of  one  one-hundredth  square 
meter  or  one-ninth  square  foot,  and  results  can  be  converted  into 
square  meters  by  multiplying  by  100  or  into  square  feet  by  multiply- 
ing by  9. 

Two  pumps  are  easier  to  use  than  one  because  they  run  in  better 
balance  (see  fig.  5).    The  pumps  rest  in  a  planed  base  of  cast  iron  1 
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FBEUiaNABY  EZFElOUENTS. 

September  17, 1900, 1  took  a  box  28^  centimeters  long  by  6  cen- 

-  ers  deep  and  7  centimeters  wide,  and  holding  1.196  liters  (0.0422 
foot)  of  liquid.   In  this  were  placed  eight  anodes  made  of  sheets 

mesh  iron-wire  cloth,  of  wires  1  mm.  in  diameter.    The  nine 
-  >des  were  made  of  iron- wire  cloth  of  30  meshes  to  the  linear  inch. 

-  immersed  area  of  the  cathodes  was  6^  square  inches,  or  0.0476 
re  foot.  The  actual  surface  of  the  cathodes  was  approximately 
tie  that  area,  or  13^  square  inches  (0.0952  square  foot).  I  used 
3rs  of  solution  of  0.2  per  cent  KCy,  assaying  15.87  mg.  of  silver 

100  c.  c. 

t  3.40  p.  m.  the  first  experiment  was  started,  the  current  being 

ampere,  at  1.1  volts,  and  the  solution  containing  0.19  per  cent 

/  and  15.87  mg.  of  silver  per  100  c.  c.    The  source  of  current  was  a 

.age  battery  of  2  volts  on  an  open  circuit.    Some  resistance  was 

[  in  series  with  the  battery  to  adjust  the  voltage.    At  5  p.  m. 

solution  had  passed  through  the  box  once,  and  the  current  was 

id  to  be  0.16  ampere  at  1.25  volts,  the  solution  containing  0.18  per 

.  KCy  and  5.61  mg.  of  silver  per  100  c.  c.    The  recovery  in  the  one 

sage  through  the  box  was  therefore  64.50  per  cent. 

)uring  this  experiment  no  evolution  of  gas  at  the  cathodes  was 

ble  or  audible.    After  the  first  run  had  been  finished^  8.4  c.  c  of 

:ate  of  silver,  or  0.084  gram  of  silver,  got  into  the  solution  by  acci- 

.t.    In  order  to  neutralize  this,  a  proper  proportion  of  cyanide  of 

assium  was  added  to  the  solution.    This  increased  the  original 

ay  value  of  the  solution  to  16.98  mg.  of  Ag  per  100  c.  c.    The  solu- 

a  was  then  left  at  rest  over  night,  with  the  battery  connected.    The 

'.tage  rose  to  1.75,  and  the  current  fell  to  0.06  ampere,  and  by  mom- 

r  the  content  of  Ag  had  been  reduced  to  0.30  mg.  per  100  c.  c. 

At  9.25  a.  m.  the  solution  was  started  a  second^  time  through  the  box. 

le  voltage  was  1.75  volts  and  the  current  0.10  ampere.    The  solution 

d  all  passed  through  at  1.30  p.  m.    The  silver  had  been  reduced  to 

'4  mg.  per  100  c.  c,  showing  that  there  had  been  precipitated,  in 

e  first  and  second  run,  95.64  per  cent  of  the  original  content. 

At  2.10  p.  m.  the  third  run  was  begun  at  1.75  volts  and  0.2  ampere. 

le  run  was  finished  at  2.50  p.  m.    The  solution  contained  0.16  per 

nt  KCy  and  0.54  mg.  of  silver  per  100  c.  c.   The  recovery  was  96.82 

3r  cent. 

At  2.55  p.  m.  the  fourth  run  was  started  at  1.8  volts  and  0.35  am- 
3re.  The  solution  contained  0.16  per  cent  KCy  and  0.29  mg.  of  silver 
er  100  c.  c.  The  recovery  was  98.29  per  cent. 
At  3.18  p.  m.  the  fifth  run  was  started  and  was  finidied  at  3.35  p.  m. 
'he  solution  contained  0.16  per  cent  KCy  and  0.20  mg.  of  silver  per 
00  c.  c.    The  recovery  was  98.82  per  cent. 
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inch  thick.  The  body  of  the  pump  is  a  square  block  of  cast  iron 
three-fourths  inch  thick,  planed  true  and  faced  on  each  side  with 
graphited  rubber  gaskets.  In  the  center  of  this  plate  a  2-inch 
hole  is  provided.  The  sides  are  of  thin  plates  of  iron,  the  outside 
ones  carrying  a  one-eighth-inch  suction  pipe  having  the  end  turned 
for  a  hard-rubber  hose  attachment.  The  inner  side  carries  a  bear- 
ing, with  stuffing  box.  The  whole  is  secured  to  the  inner  plate  by  a 
lock  nut.  The  packing  is  well  lubricated  with  a  mixture  of  vaseline 
and  graphite,  and  should  be  adjustable  to  prevent  leakage.  It  is 
important  that  the  shaft  through  the  stuffing  box  should  be  per- 
fectly smooth  so  as  not  to  cut  out  the  packing.  A  pulley  of  tiiirteen- 
sixteenths-inch  face,  slightly  crowning,  and  of  If-inch  diameter,  is 
driven  by  a  small  electric  motor  or  a  Pelton  water  wheel.  The 
runner  is  constructed  with  four  blades  and  commonly  should  be 
placed  in  a  position  to  be  slightly  eccentric,  and  tangent  only  near 
the  discharge.  The  position  of  tangency  most  desired  is  not  indi- 
cated in  the  particular  pump  here  shown.  The  clearance  elsewhere 
should  be  slight.  It  is  important,  too,  to  drill  at  least  four  one- 
eighth-inch  holes  through  the  web  of  the  runner  to  allow  it  to  run 
in  balance.  A  one-fourth-inch  drill  hole  leads  the  discharge  to 
a  one-eighth-inch  pipe  with  a  hose  connection  at  the  end. 

It  is  astonishing  how  important  a  small  pump  of  this  kind  is. 
Hand  circulation  is  impracticable.  Air  lifts  produce  an  aerated 
solution  that  tends  to  dissolve  the  gold.  The  pump  shown, 
easily  and  cheaply  made,  has  sufficed  for  thousands  of  experiments 
and  is  still  in  good  order.  Of  course,  for  work  on  a  large  scale,  a 
well-designed  centrifugal  pmnp  would  be  necessary. 

EFFECTS  OF  INCBEASING  THE  BATE  OF  FLOW. 

Most  of  the  following  experiments  were  conducted  with  solutions 
of  pure  silver  potassium  cyanide  (KAgCyj),  which  was  cheap  and 
convenient.  The  solutions  were  highly  concentrated  and  were  after- 
wards diluted  to  form  the  free  cyanide  solution  desired,  to  which 
also  other  pure  chemicals  such  as  KHO,  or  CaHjOj,  and  KCy  were 
added  as  necessary.  When  proper  precipitation  had  been  pro- 
cured the  silver  content  was  again  raised  by  adding  the  proper 
volume  of  the  strong  solution,  after  which  the  process  was  con- 
tinued. Only  in  this  way  could  the  many  variable  factors  be  kept 
under  control.  By  the  use  of  the  rigid  electrodes  and  of  proper 
insulating  spaces  the  anodes  and  cathodes  could  be  brought  within 
one-eighth  inch  of  one  another  with  perfect  safety.  A  more  com- 
pact construction  is  well  nigh  impossible. 

At  first  I  gradually  increased  the  rate  of  flow  and  found  that  the 
capacity  of  the  box  increased  proportionally.    The  rate  was  first 
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increased  to  8  liters  per  hour,  being  subsequently  increased  to  10, 
30,  60,  and  finally  120  liters  per  hour.  The  space  occupied  by  the 
electrodes  was  about  1  liter.  Also  it  was  found  convenient  to  in- 
crease the  voliune  of  the  solution  to  about  22  liters.  The  results  of 
a  number  of  tests  follow : 


FiouRB  6. — ElectrodepositioD  results  with  silver  cyanide  solution  with  rate  of  flow  of 
60  liters  per  hour ;  velocity,  9.4  inches  per  minute  through  open  box,  21  inches  through 
cathodes ;  22  cathodes  of  80-mesh  iron  wire,  each  2}  by  2|  inches ;  area,  6.469  square 
inches;  actual  wire  surface,  1  cathode,  0.1147  square  foot,  22,  2.5234  square  feet; 
estimated  effective  surface,  1  cathode,  0.1  square  foot,  22,  2.2  square  feet;  8  anodes 
of  S-mesh  iron  wire. 

On  October  5,  1900, 1  made  an  experiment  with  22  sheet  cathodes 
of  30-mesh  wire  cloth,  and  8  anodes  of  8-mesh  wire  cloth.  The 
cathodes  were  2J  by  2f  inches  in  size.  The  volume  of  the  solution 
treated  was  22  liters.  The  rate  of  flow  was  60  liters  per  hour;  the 
velocity  of  flow  was  9.4  inches  through  the  open  box  and  21  inches 
per  minute  through  the  cathodes.  The  estimated  effective  surface  of 
one  cathode  was  approximately  0.1  square  foot,  so  that  22  cathodes 
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gave  an  effective  surface  of  2.2  square  feet,  and  the  actual  surface 
of  the  wires  was  2.52  square  feet.  The  results  of  this  experiment  are 
shown  in  figure  6. 

It  will  be  noticed  that  there  is  a  slow  but  continuous  decrease  in 
the  value  of  the  cyanide  solution.  The  assay  value  of  the  silver 
begins  at  16.91  mg.  per  100  c.  c,  or  4.93  ounces  per  ton.  The  voltage 
is  between  1.7  and  1.9  volts.  Attention  is  called  to  the  silver  pre- 
cipitation curve.    The 

L2fi£j 


fall  of  the  silver  is  very 
rapid  during  the  first 
three  hours,  during  the 
next  two  hours  it  be- 
comes slower,  and  after 
five  hours  it  appears  as 
an  asymptote  to  the  x 
axis,  when  the  current 
is  seen  to  be  not  eco- 
nomically used. 

The  effect  of  the  in- 
creased rates  of  flow  is 
shown  in  figure  7. 

In  the  experiment 
here  represented  the 
rate  of  flow  was  in- 
creased to  120  liters 
per  hour  (velocity,  42 
inches  per  minute 
through  cathodes),  or 
double  that  employed 
in  obtaining  the  results 
shown  in  figure  6 ;  other 
conditions  were  the 
same  as  in  figure  6.  It 
will  be  noticed  that  the 
silver  was  much  more 
rapidly  precipitated 
than   in  the  previous 
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FiouBB  7. — Electrodeposition  results  with  silver  solution 
with  rate  of  flow  of  120  liters  per  hour ;  velocity, 
about  19  inches  per  minute  through  open  box,  4i 
iDches  through  cathodes ;  anodes  and  cathodes  same 
aa  in  figure  6.     Voltage  varied. 


experiment.  The  voltage  in  this  experiment  varied  between  2.1  and 
2.5  volts.  In  spite  of  the  high  current  density,  there  was  no  gas  visi- 
ble on  either  cathodes  or  anodes,  so  long  as  the  solution  was  in  circu- 
lation. 

Figure  8  shows  the  results  of  an  experiment  similar  to  that  repre- 

.sented  in  figure  7,  except  that  the  area  of  cathodes  was  increased. 

Twenty-two  old  cathodes  of  30-mesh  iron  wire  and  two  new  cathodes, 

each  consisting  of  10  sheets  of  1-mm.  wire  cloth,  were  used.   The  effec- 
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tive  surface  area  of  the  cathodes  was  approximately  4:J2  square  feet, 
or  twice  that  of  the  cathodes  used  for  the  previous  test.  In  this  ex- 
periment the  voltage  was  controlled  better  than  before.  In  the  be- 
ginning 2.03  volts  was  employed,  but  after  two  and  one-quarter  hours 
the  potential  was  raised  to  2.5  volts,  remaining  thus  until  five 
and  one-quarter  hours  had  passed.  At  the  end  of  the  five  and  one- 
quarter  hours  a 
new  charge  of  21 
KAgCya  was  add- 
ed, bringing  the 
total  volume  again 
to  21.65  liters 
and  replacing  the 
solution  used  in 
the  samples.  It 
will  be  noticed 
that  the  current 
immediately  rose 
from  0.6  ampere, 
which  had  been 
maintained  b  y 
the  2.5  volts,  to 
1.45  amperes,  and 
that  the  voltage 
fell  to  2.35,  show- 
ing that  the  solu- 
tion had  become 
a  better  conductor. 
It  will  also  be  no- 
ticed that  the  pre- 
cipitation of  sil- 
ver was  much  bet- 
ter after  a  new 
charge   had   been 
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HOURS 

added     than     be-    ^^Q^^''  ®- — Blectrodeposltion  results  with  sliver  solutloii  with 

rute  of  flow  of  120  liters  per  hour  and  larger  cathode  area. 
Velocity  of  flow,  19  Inches  per  minute  through  open  box, 
42  Inches  through  cathodes ;  22  used  cathodes  of  30-mesh 
wire  cloth  and  2  new  cathodes,  each  of  10  sheets  of  1-mm. 

wire  cloth ;  actual  wire  surface  of  one  cathode,  sq. 

cm. ;  estimated  effective  surface  of  42  cathodes,  4.2  square 
feet 


fore.  Two  hours 
after  the  silver  so- 
lution had  been 
added,  the  silver 
content  had  been 
reduced  from  17.38  mg.  per  100  c.  c.  to  0.13  mg.,  or  0.038  ounce  per 
ton.  As  stated  above,  the  area  of  cathodes  exposed  was  twice  the 
area  of  the  cathodes  shown  in  figure  6.  The  precipitation  capacity 
of  the  box  had  increased  enormously.  It  was  possible  to  make  a  new 
precipitation  after  adding  a  new  charge  of  silver  at  the  end  of  two 
hours. 
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Figure  9  shows  the  results  of  an  attempt  to  increase  the  flow  of  solu- 
tion to  180  liters  per  hour.  The  whole  of  the  solution  passed  through 
the  box  nearly  nine  times  in  one  hour,  and  as  the  box  held  about 
a  liter,  an  amount  equal  to  180  times  the  volume  of  the  box  passed 
through  in  each  hour.  Forty  wire-cloth  cathodes  and  seven  wire-cloth 
anodes  were  used  in  this  experiment.  The  cathodes  were  3.5  by  2.6 
inches  square  and  had  a  total  surface  area  of  6.38  square  feet.    It 
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Figure  9. — Electrodeposition  results  with  silver  solution  with  rate  of  flow  of  180  Uters 
per  hour ;  velocityt  20  inches  per  minute  in  open  box,  45  inches  through  cathodes ;  7 
anodes  of  S-mesh  wire  cloth ;  40  cathodes  of  SO-mesh  wire  cloth ;  actual  surface  area, 
6.38  square  feet. 

will  be  noticed  that  the  precipitation  curves  show  that  the  capacity 
of  the  box  increased  rapidly,  a  new  charge  being  added  at  the  end 
of  two  hours  and  another  at  the  end  of  five  hours.  The  voltage  dur- 
ing the  first  two  hours  was  3,  and  during  the  rest  of  the  time  4.  The 
precipitation  curves  show  successively  better  results. 

As  the  precipitation  became  more  effective,  another  feature  no- 
ticed was  that  free  cyanide  was  regenerated  from  the  cyanide  com- 
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bined  with  the  precipitated  silver.  This  feature  was  seen  for  the 
first  time  in  the  experiment  represented  in  figure  10.  In  this  experi- 
ment the  flow  of  solution  was  increased  to  300  liters  per  hour.  The 
entire  solution  passed  through  the  box  15  times  in  one  hour.  It  will  be 
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FiGUBB  10. — Bnectrodepositlon  results  with  silver  solution ;  rate  of  flow  of  300  liters 
per  hour ;  velocity  through  open  box,  84  inches  per  minute ;  volume  of  solution,  22 
liters ;  7  anodes,  S-mesh  wire  cloth ;  56  cathodes  of  80-mesh  wire  cloth ;  wetted  area, 
3.5  by  2.6aB9.1  square  inches ;  actual  surface  area,  0.01773  square  foot  per  square 
inch  of  cloth ;  for  56  cathodes,  8.936  square  feet ;  length  of  electrodes,  6|  inches ; 
volume,  47.7  cubic  inches  or  0.782  liter. 

noticed  that  at  the  end  of  every  two  hours  a  new  charge  of  KAgCyj? 
with  suflficient  water  to  bring  the  volume  up  to  22  liters,  was  added 
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to  the  solution.  The  voltage  was  kept  steady  for  the  first  six  hours  at 
4,  and  during  the  last  hour  and  a  half  was  raised  to  5  volts.  It  will 
be  noticed  also  that  the  precipitation  increased,  especially  between 
the  sixth  and  seventh  hours.  The  silver  content  and  the  current  fell 
simultaneously,  although  the  amperage  did  not  fall  quite  as  rapidly 


4 
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FiouBi  11. — Results  of  electrodeposition  of  sUver  with  NaCl  added  to  the  solatioii ; 
rate  of  flow,  300  liters  per  hour ;  velocity,  35  inches  per  minute  through  open  box,  79 
inches  through  cathodes ;  volume  of  solution,  22  liters ;  11  anodes  of  8-mesh  wire 
cloth;  50  cathodes  of  SO-mesh  cloth;  total  surface  area,  5.735  square  feet;  length  of 
electrodes,  18.75  cm. ;  volume  occupied,  56.25  cm.  or  1.055  liters. 

as  the  silver  content.  It  will  be  further  noticed  that  during  the 
rapid  precipitation  of  the  silver  at  the  beginning  of  the  experiment 
the  solution  contained  0.202  per  cent  cyanide,  whereas  at  the  end  of 
one  and  one-half  hours  it  had  increased  to  0.21  per  cent.  During  the 
last  half  hour  it  fell  again  to  2.09  per  cent.    After  a  new  charge  of 
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I^-^gCy^,  containing  no  free  cyanide,  had  been  added  to  replace  the 
assay  samples,  the  cyanide  had  again  increased  from  0.209  to  0.22  per 
cent,  falling  slightly  again  at  the  end  of  one  and  one-half  hours,  and 
rising  each  time  a  new  charge  of  KAgCy^  was  added  to  the  solution. 
There  is  no  doubt  about  the  titration  of  the  cyanide. 

The  increase  of  cyanide  during  the  precipitation  period  was  seen 
still  more  clearly  in  the  experiment  represented  in  figure  11.  The 
"Volume  of  solution  and  the  rate  of  flow  are  the  same  as  before.  The 
number  of  cathodes  is  50  and  the  voltage  4.  Three  charges  of 
KAgCya  were  treated,  each  containing  3.76  grams  of  silver.  It  will 
be  noticed  that  during  the  first  hour  the  cyanide  had  risen  from 
0.194  to  0.207  per  cent,  falling  again  in  30  minutes  to  0.202  per  cent 
as  the  silver  was  removed.  When  a  new  charge  of  silver  cyanide 
was  added  it  rose  to  0.205,  but  fell  at  the  end  of  three  hours  to  0.199 
per  cent.  At  the  end  of  five  hours  a  new  charge  of  silver  cyanide 
containing  no  free  cyanide  was  added,  together  with  22  grams  of 
salt.  The  salt  was  added  to  determine  whether  the  increased  conductiv- 
ity of  the  solution,  owing  to  the  presence  of  the  salt,  would  increase 
the  rapidity  of  the  precipitation.  The  salt  did  have  somewhat  such 
an  effect.  It  will  be  observed,  however,  that  there  is  a  continued 
destruction  of  the  cyanide  by  chlorine,  resulting  from  the  decompo- 
sition of  the  salt,  which  reduced  the  cyanide  from  0.199  to  0.18 
per  cent. 

CAPACITY    OF    BOX. 

The  estimated  capacity  of  the  box  is  shown  in  figure  11.  The 
capacity  of  the  box  with  plain  electrodes  without  circulation,  as  al- 
ready stated,  was  about  5  tons  for  a  1-ton  box  in  24  hours.  In  the  first 
half  hour,  a  precipitation  of  82.3  per  cent  was  obtained.  In  the  first 
half  hour  of  the  second  period  a  precipitation  of  87.4  per  cent  was 
obtained,  and  in  the  first  half  hour  of  the  third  period  the  precipita- 
tion was  98.1  per  cent.  The  volume  treated  was  22  liters,  and  the 
volume  occupied  by  the  50  cathodes  and  11  anodes  was  1.055  liters. 
Dividing  22  by  1.055  we  have  for  a  half-hour  period  a  precipita- 
tion capacity  of  20.85  times  the  volume  occupied  by  the  electrodes, 
or  1000.8  for  24  hours.  Clearly  a  box  holding  1  ton,  and  fitted  with 
electrodes  as  described,  will  handle  over  1,000  tons  in  24  hours.  As 
a  result  of  the  investigation  I  was  able  to  increase  the  precipitation 
capacity  of  the  box  filled  with  wire-cloth  anodes  and  cathodes  to 
more  than  200  times  that  of  a  similar  box  with  plain  electrodes.      , 

The  effect  of  the  increased  capacity  was  shown  still  more  strongly 
in  the  experiment  represented  in  figure  12.  The  flow  was  increased 
to  720  liters  per  hour,  and  the  voltage  was  increased  to  9.  The  first 
treatment  was  for  two  hours,  when  3.76  grams  of  silver  was  added  to 
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replace  the  silver  in  assay  samples.    The  recharging  of  the  sol 
was  repeated  every  hour  for  the  next  four  hours,  and  the  raf  i| 
generation  of  the  cyanide  is  shown  clearly  by  the  upper  cnrve 
rapid    deposition    of   the  silver  is  also  shown,  and    the   inci 
capacity  of  the  box  should  also  be  mentioned. 
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Fiotru  12.— ElcctrodepoBitioD  results  with  a  rate  of  flow  of  720  liters  per  hour ;  Tolmt 
treated,  22  liters ;  velocity  of  flow,  84  inches  per  minute  through  open  box,  189  Incbf 
through  cathodes. 

If  the  assay  value  of  the  solution  be  considered  as  reduced  to  aboni 
half  an  ounce  of  silver  per  ton,  the  capacity  of  the  box  can  be  figurec 
at  1,056  tons  per  24  hours  for  a  1-ton  box;  if  the  silver  be  considered 
to  be  reduced  to  a  little  more  than  an  ounce  per  ton  the  capacity  cai 
be  figured  as  2,540  tons  per  24  hours  in  a  1-ton  box. 


rrSB  OF  PEEOXIDIZED-LEAD  ANODES  AND  WIBE-CLOTH  CATHODES.      61 

USE  OF  PEBOXTDIZED-LEAI)  ANODES  AND  WIBE-CLOTE  CATHODES. 

In  the  preceding  tests  an  important. difficulty  was  encountered. 
The  precipitation  capacity  of  the  box  had  been  increased  so  rapidly 
that  the  30-mesh  wire  cloth  became  clogged  with  precipitated  silver, 
Tvhkh  interfered  with  the  circulation  of  the  solution.     The  wire- 


6  7  8 

HOUBS 

FiGCBB  18. — Electrodeposltlon  results  with  peroxldlzed-lcad  anodes  and  wire-cloth 
cathodes ;  volume  of  solution  at  start,  22  liters,  containing  3.76  grams  Ag  as  KAgCya, 
22  grams  KIIO,  and  45  grams  KCy ;  rate  of  flow,  420  liters  per  hour ;  velocity  through 
open  box,  63  inches  per  minute ;  through  cathodes,  142  inches. 

cloth  anodes  also  had  become  somewhat  coated  with  ferric  hydrate. 
An  attempt  was  made  to  obviate  these  troubles. 

I  started  with  one  peroxidized-lead  anode,  i^iade  of  perforated 
sheet  lead,  and  with  four  cathodes  each  formed  from  five  sheets  of 
16-mesh  iron-wire  cloth,  3  inches  wide  and  2J  inches  deep  in  the 
solution,  a  new  box  having  been  made  for  the  purpose.  The  rate  of 
flow  was  7  liters  per  minute,  or  420  liters  per  hour.    With  only  one 
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peroxidized-lead  anode  and  with  20  sheets  of  wire-cloth  cathodes,  lil 
on  either  side  of  the  anode,  the  precipitation  was  naturally  not  sa 
rapid  as  it  had  been  when  more  cathodes  were  used.  The  wire  cloth 
had  a  cathode  area  of  1.885  square  feet.    The  Toltage  was  2J  during 

the  entire  experiment.  Thi 
results  of  the  test  are  shown 
in  figure  13.  It  will  be  no- 
ticed that  the  number  of 
amperes,  which  at  the  start 
was  0.65,  increased  during 
the  first  hour  and  a  half  to 
1.3,  and  slowly  fell  again  to 
about  1  during  the  re- 
mainder of  the  four  hours. 
The  reason  for  the  anom- 
aly was  that  the  conducting 
surface  of  the  cathodes  be- 
came covered  with  a  film 
of  iron  rust  which  pre- 
vented contact  with  the 
solution. 

At  the  end  of  two  hours 
the  solution  seemed  to  be 
saturated  with  gas,  most 
of  which,  however,  was 
oxygen  set  free  at  the 
anode.  Almost  no  evolu- 
tion of  gas  was  visible  at 
the  cathode.  At  the  end 
of  three  hours,  although 
only  the  single  anode  was 
used,  placed  between  two 
"bunches  of  five"  cathodes 
the  solution  thus  travers- 
ing ten  thicknesses  of  wire 
cloth,  the  upstream  sides 
of  the  cathodes,  which  re- 
ceived the  richest  solution, 
were  almost  thoroughly 
coated.  At  the  end  of  four 
hours  the  silver  content  of 
the  solution  had  been  reduced  from  16.77  to  0.28  mg.  per  100  c.  c.  (0.09 
ounce  per  ton).  At  this  point  another  bunch  of  five  30-mesh  wii'e- 
cloth  cathodes,  making  25  in  all,  were  added,  also  three  perforated, 
peroxidized-lead  anodes,  making  4  in  all.    Then  another  charge  of 
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FiouRfl  14. — Electrodepositlon  results  with  carbon 
anodea  and  addiUon  of  KHO  to  the  solution: 
22  liters  of  solution  used,  containing  45.5  grams 
KCy,  22  grams  KHO,  and  8.76  grams  Ag  as 
KAgCys ;  rate  of  flow»  860  liters  per  hour ;  veloc- 
ity through  open  box,  42  Inches  per  minute; 
through  cathodes,  95  Inches ;  anodes  kept  4  days 
In  melted  vaseline ;  each  consisted  of  7g-inch 
"Blectra"  carbon  rpds,  spaced  2i  Inches  apart. 
Immersed  to  depth  of  2i  Inches ;  14  cathodes, 
each  being  5  sheets  of  16-mesh  iron  wire  cloth; 
total  area,  6.59  square  feet. 
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silver  cyanide  and  water  was  added  to  make  22  liters.  The  cathode 
surface  had  been  increased  to  2.4  square  feet  and  the  precipitation 
was  much  more  rapid  than  before.  At  the  end  of  the  fifth  hour  the 
number  of  cathodes  was  increased  to  10  bunches  of  five  each,  or  50  in 
all.  A  new  charge  of  silver  cyanide  was  then  added.  The  cathode 
surface  having  been  increased  to  4.7  square  feet,  the  rate  of  precipita- 
tion had  increased  so  rapidly  that  the  silver  content  was  reduced  in  1 
hour  from  19.5  to  0.55  mg.  per  100  c.  c.  A  new  charge  of  silver 
cyanide  was  again  added,  bringing  the  silver  content  up  to  17.43  mg. 
per  100  c.  c,  but  the  precipitation  of  silver  was  so  rapid  that  in  1  hour 
the  silver  content  was  reduced  to  0.3  mg.  per  100  c.  c,  or  about  0.1 
ounce  per  ton. 

USE  OF  CASBON  ANODES. 

The  next  point  tested  was  the  effect  of  using  carbon  anodes,  while 
employing  the  same  box  as  before,  and  treating  a  solution  similar  in 
volume  and  content,  but  containing  10  per  cent  of  1  per  cent  caustic 
potash  solution.  The  rate  of  flow  was  6  liters  per  minute,  or  360 
liters  per  hour.  The  anodes  were  made  of  electric-light  carbons,  and 
in  order  to  protect  these  from  the  action  of  oxygen  they  were  soaked 
four  days  in  melted  vaseline.  The  form  of  the  anodes  was  that  of 
a  comb,  seven  carbons  being  fastened  together  by  means  of  a  con- 
ducting strip  of  lead.  The  carbons,  each  three-eighths  of  an  inch  in 
diameter,  were  spaced  one-eighth  of  an  inch  from  one  another  and 
were  immersed  in  the  solution  to  a  depth  of  2J  inches.  There  were 
14  cathodes  of  five  bunches  each,  formed  of  16-mesh  wire  cloth,  and 
having  a  total  area  of  6.59  square  feet.  The  voltage  was  kept  at  2^. 
Precipitation  curves  for  this  experiment  were  obtained  in  a  manner 
similar  to  those  for  previous  experiments.  The  continued  paral- 
lelism of  the  ampere  curve  and  of  the  silver-precipitation  curve  is 
still  observed.  The  cyanide  recovery  during  the  rapid  precipitation 
of  the  silver,  and  the  cyanide  destruction  after  precipitation,  are 
clearly  shown  in  the  curves.  The  carbon  anodes  were  only  slightly 
acted  on,  though  the  solution  became  of  the  color  of  weak  tea.  The 
solution,  after  having  been  aerated,  showed  no  noticeable  diminution 
of  solubility  for  gold. 

THE  USE  OF  TJNCOATED  CABBON  ANODES. 

The  next  set  of  experiments  was  undertaken  to  determine  whether 
or  not  ordinary  electric-light  carbons  which  had  not  been  treated 
with  vaseline  could  be  used,  and  to  determine  the  voltage  required 
for  effective  precipitation.  A  set  of  the  uncoated,  electric-light, 
carbon-anode  combs,  such  as  have  been  described,  were  used,  and  also 
the  same  cathodes,  in  14  bunches  of  five,  making  70  in  all.  The 
cathodes  were  already  coated  with  silver  from  the  preceding  experi- 
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ment.  At  first  only  1  volt  was  applied,  and  insteajj  of  getting  pre- 
cipitation of  silver,  the  silver  already  precipitated  redissolved,  as 
can  be  seen  from  the  silver-precipitation  curve  in  figure  15.  The 
curve  starts  at  16.78  mg.  per  100  c.  c,  and  rises  to  25  mg.  per  100 
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FiauRB  15. — Electrodepositlon  results  with  carbon  anodes  not  coated  with  vaseline ;   22 

liters  of  water  used,  containing  44  grams  KCy,  22  grams  KHO,  3.76  grams  Ag   as 

KAgCy» ;  rate  of  flow,  360  liters  per  hour ;  velocity  through  open  box,  42  inches   per 

minute;  through  cathodes,  96;  6  anode  *'  combs"  and  70  cathodes  ,(same  as  in  fig.   14) 

used ;  cathode  area,  6.6  square  feet.     Owing  to  low  voltage  or  poor  contacts,  some  Ag 

was  redissolved  during  first  part  of  test  and  KCy  absorbed. 

c.  c.  in  the  first  few  minutes,  then  continues  to  rise  and  indicates 
27.6  mg.  per  100  c.  c.  at  the  end  of  the  first  quarter  of  an  hour.  The 
silver  then  decreased  to  20.76  mg.,  increased  again  to  27.62,  and  fell 
again  at  the  end  of  2f  hours  to  25.    At  the  end,  of  3  hours  the  volt- 
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age  was  increased  to  1.3  volts.  At  this  point,  the  content  of  silver, 
which  originally  had  been  only  16.78  mg.,  had  increased  to  24  mg. 
With  1.3  volts,  the  silver  began  promptly  to  come  down,  and  at 
the  end  of  the  next  two  hours  the  silver  content  had  decreased  to 
3.08  mg.  when  a  new  charge  of  silver  cyanide  was  added,  bring- 
ing the  content  up  to  20.86  mg.  The  voltage  was  increased  to  1^ 
volts,  whereupon  the  silver  was  rapidly  precipitated,  being  reduced 
in  two  hours  to  0.15  mg.,  or  about  0.05  ounce  per  ton.  It  will  be 
noticed  that  during  the  whole  time  that  silver  had  been  dissolving 
from  the  cathode,  free  cyanide  had  been  falling  simultaneously. 
As  soon  as  the  silver  began  to  be  precipitated,  it  rose  again,  and  at 
the  end  of  the  process,  the  cyanide  content,  which  originally  was 
0.191  per  cent,  had  fallen  to  0.18  per  cent.  The  experiment  clearly 
shows  that  1  volt  is  not  suflficient  for  the  effective  precipitation  of 
silver,  that  1.3  volts  is  the  minimum,  and  that  a  higher  voltage  than 
this  is  better. 

EZPEBIMENTS  ON  THE  BEGENEBATIOir  OF  CTANIDK 

I  have  already  called  attention  to  the  regeneration  of  the  cyanide 
combined  with  the  silver  to  be  precipitated.  The  following  experi- 
ments were  undertaken  to  study  the  matter  further.  It  was  desired 
to  avoid  the  oxidation  of  cyanide  at  the  anode  as  much  as  possible; 
accordingly  only  1^  volts  was  employed.  The  solution  used  on  a 
previous  day  was  brought  to  a  volume  of  22  liters  by  adding  the 
requisite  amount  of  water.  It  then  contained  0.189  per  cent  KCy 
and  0.1  per  cent  KHO.  The  rate  of  flow  was  480  liters  per  hour. 
The  electrodes  occupied  about  1  liter  of  space.  The  same  anodes 
and  cathodes  were  used  as  before  (see  fig.  14) .  The  results  of  this 
test  are  shown  in  figure  16. 

At  the  end  of  the  first  hour  it  is  seen  that  the  silver  content  had 
fallen  from  17.36  mg.  per  100  c.  c.  to  4.58  mg.  leaving  only  about 
1.74  ounces  per  ton  in  solution.  Then  a  new  charge  of  3.76  grams  of 
ELALgCya  was  added,  and  sufficient  water  to  bring  the  volume  back 
to  22  liters  after  the  samples  had  been  taken  out.  This  brought  the 
silver  content  up  to  21.64  mg.  per  100  c.  c. 

At  the  end  of  the  second  hour  the  silver  content  had  fallen  to  2.29 
mg.  per  100  c.  c,  or  about  0.78  ounce  per  ton.  A  new  charge  of  silver 
was  added,  as  before,  and  at  the  end  of  the  third  hour  the  silver  con- 
tent had  fallen  to  0.74  mg.  per  100  c.  c.,  or  0.25  ounce  per  ton.  A 
new  charge  was  then  added,  and  at  the  end  of  the  fourth  hour  the 
silver  had  been  reduced  to  0.6  mg.  per  100  c.  c,  or  to  0.2  ounce  per 
ton.  A  new  charge  of  silver  was  then  added,  and  at  the  end  of  the 
fifth  hour  the  content  had  fallen  again  to  0.28  mg.  per  100  c.  c,  or 
to  0.09  ounce  per  ton.    A  new  charge  was  then  added,  and  at  the  end 
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of  the  sixth  hour  the  content  had  again  fallen  to  6.7  mg.  per  100 
c.  €•,  or  to  0.25  ounce  per  ton.  A  new  charge  was  then  added,  and  at 
the  end  of  the  seventh  hour  the  content  had  been  reduced  to  0.33 
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FiouBB  16. — Electrodeposltlon  results  showing  regeneration  of  cyanide.  Eight  liters  of 
water  added  to  previously  used  silver  cyanide  solution  to  make  up  22  liters,  contain- 
ing about  22  grams  of  KHO.  Anodes  and  cathodes  same  as  in  fig.  15.  Rate  of  flow. 
480  liters  per  hour ;  velocity  per  minute  through  open  box,  56  inches ;  through 
cathodes,  127.  At  1,  2,  3,  4,  5,  and  6  hours  added  3.76  grams  Ag  as  KAgCy  and 
0.25  liter  of  water  to  bring  volume  up  to  22  liters.    Note  recovery  of  cyanide. 

mg.  per  100  c.  c,  or  0.11  ounce  per  ton.  The  test  was  continued 
for  another  hour,  at  the  end  of  which  time  the  silver  in  solution 
had  been  reduced  to  0.1  mg.  per  100  c.  c.  or  0.03  ounce  per  ton. 
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It  will  be  observed  that  the  cyanide  titration  shows  a  continuous 
rise  in  cyanide  content.  At  the  start  the  cyanide  content  was  0.189 
per  cent,  and  at  the  end  of  the  first  hour  it  had  risen  to  0.194  per 
cent,  dropping  again  on  account  of  dilution  with  water  to  0.192  per 
cent.  At  the /end  of  the  second  hour  it  had  risen  to  0.21,  dropping 
again  by  dilution  to  0.208.  At  the  end  of  the  third  hour  it  had  risen 
to  0.218,  dropping  again  by  dilution  to  0.216.  At  the  end  of  the 
fourth  hour  itrhad  risen  to  0.226,  dropping  again  by  dilution  to  0.224. 
At  the  end  of  the  fifth  hour  it  had  risen  to  0.238.  At  the  end  of  the 
sixth  hour  it  had  risen  to  0.246,  again  dropping  by  dilution  to  0.243. 
At  the  end  of  the  seventh  hour  it  had  risen  to  0.253,  and  at  the  end  of 
the  eighth  hour  it  had  risen  to  0.255  per  cent 

The  total  actual  rise  in  the  cyanide  content,  as  shown  by  titration, 
was  0.066  per  cent.  If  to  this  be  added  the  amount  of  cyanide  in  the 
quantity  of  solution  taken  out  for  the  assays,  which  was  about  250 
c.  c.  each  time,  the  total  saving  of  cyanide  is  0.084  per  cent.  Multi- 
plying this  result  by  the  weight  of  the  solution,  taken  as  22  kg., 
gives  an  actual  saving  of  18.48  grams  KCy,  which  was  formerly 
combined  with  about  22.56  grams  of  silver.  Taking  the  molecu- 
lar weight  of  KCy  as  130  and  the  atomic  weight  of  silver  as  108,  if 
all  the  cyanide  had  been  recovered  there  would  be  1.2036  grams  of 
KCy  for  every  gram  of  silver  precipitated.  On  this  basis,  as  there 
was,  roughly,  22.56  grams  silver  precipitated,  there  would  be  saved 
27.07  grams  KCy.  The  amount  actually  recovered  was  18.48  grams, 
or  slightly  more  than  68  per  cent  of  the  cyanide  originally  combined 
with  the  silver.  It  is  evident,  therefore,  that  all  of  this  cyanide  was 
not  recovered,  but  a  sufficient  amount  was  saved  to  make  this  saving 
a  highly  important  factor  in  the  cost  of  precipitation. 

It  will  be  noticed  that  the  curves  representing  the  cyanide  content 
all  are  rising  where  the  silver  is  being  rapidly  precipitated.  Between 
the  sixth  and  seventh  hour,  and  particularly  at  the  end  of  the  seventh 
hour,  the  curve  of  the  recovered  cyanide  rises  more  rapidly  than 
later,  when  the  silver  has  been  mostly  precipitated.  Toward  the  end 
of  the  experiment  the  destruction  of  cyanide  begins  to  prevail  over 
the  regeneration,  whereupon  the  curve  rises  more  slowly,  and  finally 
begins  to  fall.  This  is  caused  by  oxidation,  which  is  constantly  tak- 
ing place  at  the  anodes. 

Attention  is  particularly  directed  to  the  parallelism  between  the 
fall  of  the  ampere  curves  and  those  showing  the  precipitation  of  the 
silver.  This  is  most  clear  between  the  sixth  and  eighth  hours,  where 
the  ampere  curve  falls  abruptly  from  1.5  amperes.  When  the  silver 
has  fallen  to  0.2  mg.  per  100  c.  c,  and  has  been  practically  eidiausted, 
as  at  the  end  of  7J  hours,  the  ampere  curve  has  fallen  to  0.61.  Here 
it  remains  constant  during  the  rest  of  the  experiment. 
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This  phenomenon  suggests  a  very  simple  method  of  controlling  the 
precipitation  without  assaying  the  solution.  If  the  voltage  is  main- 
tained constant,  the  ampere  curve  shows  the  critical  point  at  which 
it  is  best  to  stop  precipitation.  The  point  at  which  the  ampere  curve 
becomes  constant  is  the  most  economical  point  to  stop  precipitation. 
At  this  point  the  recovery  of  cyanide  reaches  the  maximum,  and  a 
further  continuation  of  precipitation  is  wasteful  of  electric  current. 

During  this  test  assay  samples  were  taken  every  15  minutes,  but 
in  practice  sampling  at  longer  intervals  would  suffice  to  correct  the 
reading  of  the  ammeter.  This  method  of  controlling  the  work  I 
consider  to  be  of  great  practical  importance  industrially,  and  the 
benefit  can  be  gained  only  where  a  large  volume  of  solution  which  is 
being  rapidly  circulated  is  treated,  as  here  shown.  The  subject  of 
cyanide  regeneration  is  considered  more  fully  in  subsequent  pages. 

BUSTING  OF  IBON-WIBE  CATHODES. 

Attention  should  be  called  to  another  point  that  is  evident  In 
nearly  all  the  later  tests,  but  is  also  shown  very  clearly  in  the  fore- 
going experiment.  As  the  experiments  were  conducted  intermittently 
and  could  only  be  carried  on  in  the  daytime,  between  the  tests  the 
wire-cloth  electrodes  became  more  or  less  rusted  by  the  action  of 
moisture  on  the  wires,  which  were  coated  with  silver.  As  is  weU 
known,  under  such  circumstances  a  local  action  sets  in,  which  causes 
rusting  of  the  iron  wire.  When  the  cathodes  were  first  immersed  in 
the  solution,  much  of  the  electric  current  was  consumed  in  reducing 
this  oxide  of  iron,  and  hence  was  not  available  for  the  precipitation 
of  silver.  It  will  be  noticed  that  the  precipitation  improves  during 
the  continuation  of  the  process.  Other  causes  of  this  increase,  aside 
from  the  dissolution  of  the  rust,  are  that  the  conductivity  of  the 
solution  gradually  increases,  owing  to  the  presence  of  a  larger  amount 
of  cyanide  and  other  salts,  and  that  the  surface  of  the  wire-cloth 
cathodes  becomes  covered  with  silver,  making  them  better  electrical 
conductors.  From  these  three  reasons  it  is  evident  that  the  rusting 
of  the  wire  cloth  will  not  take  place  whenever  it  is  possible  to  have 
the  process  in  continuous  use. 

TBEATMENT   OF   BICH   SILVEB  CYANIDE   SOLUTIONS. 
EXPERIMENT  WITH  SODIUM  CHIiORIDE  IN  THE  SOLUTION. 

The  experiments  hitherto  described  were  conducted  with  silver  solu- 
tions that  were  comparable  in  richness  with  those  that  occur  in  the 
treatment  of  ordinary  ores.  Experiments  were  next  undertaken  with 
a  richer  solution,  containing  119.11  mg.  of  silver  per  100  c.  c  (see 
fig.  17),  or  about  41  ounces  per  ton.    In  other  respects  the  solu- 
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tion  treated  was  similar  to  those  used  before,  consisting  of  22  liters 
of  0.1  per  cent  free  KHO,  with  0.237  per  cent  KCy.  In  order  to  in- 
crease the  conductivity  of  the  solution,  about  1  per  cent  of  NaCl  was 
added,  and  the  circulation  26j 
'was  at  the  rate  of  9J  li- 
ters per  minute,  or^  570 
liters  per  hour.  Six  un- 
coated  carbon  anode  combs 
-were  used ;  also  14  "bunch- 
es of  five,"  or  70  in  all, 
of  the  16-mesh  iron-wire 
cathodes,  with  a  total 
area  of  6.6  square  feet. 
The  voltage  was  1.5. 

Regeneration  of  the  cy- 
anide reached  a  maximum 
in  this  experiment  at  the 
end  of  two  and  one-half 
hours,  when  the  cyanide 
content  had  risen  to  0.295 
per  cent,  after  which  it 
slowly  declined  to  0.273 
per  cent,  owing  to  the  ac- 
tion of  chlorine  and  oxy- 
gen, set  free  at  the  anode. 
It  will  be  noticed  that 
there  is  again  a  close  par- 
allelism between  the  am- 
pere curve  and  that  of 
the  rate  of  precipitation 
of  the  silver.  Both  curves 
change  direction  rapidly  a 
little  after  three  hours,  the 
amperage  falling  from 
2.57  to  0.70  at  the  end  of 
that  time,  and  the  silver 
from  119.11  to  2  mg. 

The  effect  of  stopping 
circulation  of  the  solu- 
tion is  shown  at  the  end 
of  three  and  one-fourth 
hours,  at  which  time  the 
belt  on  the  piun^  accidentally  broke.  The  current  immediately 
dropped  from  0.78  to  0.65,  rising  again  to  its  place  on  the  curve  as 
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FiouBB  17. — ElectrodeposltioD  results  with  richer  so- 
latioD.  Twenty-two  liters  of  solatioii,  containing 
119.11  mg.  of  silyer,  22  grams  KHO,  220  grams 
NaCl,  and  0.237  per  cent  KCy.  Six  uncoated 
"  Electra "  carbon  anode  combs.  Cathodes,  14 
bunches  of  5  each,  of  lO-mesh  wire  cloth ;  total 
area,  6.59  square  feet.  Rate  of  flow,  570  liters 
per  hoar;  velocity  through  open  box,  66  inches 
per  minute;   through   cathodes,   150. 
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soon  as  the  pump  was  started.  At  the  end  of  five  and  three- fourths 
hours,  the  circulation  being  maintained,  the  current  was  0.70,  and 
when  the  circulation  was  stopped  it  fell  at  once  to  0.65. 

EXPERIMENT  WITHOUT  SODIUM  CHLORIDE. 

In  order  to  determine  whether  the  use  of  salt  in  the  solution  was 
beneficial  the  experiment  was  repeated  without  salt.    The  same  vol- 
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FiouBi  18. — Electrodeposltion  results  with  rich  silver  solution  and  no  NaCl.  Solution, 
22  liters,  containing  42.24  grams  KCy,  25.33  grams  Ag  as  KAgCy^,  and  22  grams 
KHO.  Rate  of  flow,  540  liters  per  hour;  velocity  per  minute  through  open  box,  68 
Inches ;  through  cathodes,  141.  Anodes  and  cathodes  same  as  In  figure  17 ;  cathodes 
were  coated  with  silver  and  rusted  from  standing  over  night  after  removal  from  the 
salt  solution  used  In  the  previous  test. 

ume  of  solution,  containing  0.1  per  cent  KHO  and  0.192  per  cent 
KCy  and  115.14  mg.  of  silver  per  100  c.  c.  was  used.  The  flow  was  540 
liters  per  hour.  The  same  cathodes,  which  had  been  coated  with 
silver,  were  used  as  in  the  previous  experiment  (fig.  17).  The  re- 
sults of  the  test  are  shown  in  figure  18.  The  ampere  curve  was  de- 
cidedly different  in  form  from  that  of  the  former  experiment.  It 
started  at  1.33  amperes,  falling  in  one-fourth  hour  to  1.30,  then 
rising  rapidly  to  1.75  at  the  end  of  three  hours.    This  value  it  main- 
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taiAed  until  four  hours  and  twenty  minutes  of  the  total  period  had 
passed,  when  it  fell  precipitately  until,  at  the  end  of  five  and  three- 
fourths  hours,  it  had  become  0.53  ampere.  There  it  remained  constant 
until  a  total  of  seven  hours  had  passed,  when  the  experiment  was 
stopped.  It  will  be  noted  that  the  increase  of  cyanide  content  did 
not  begin  imtil  one  hour  had  passed,  when  it  rose  from  0.192  to  0.276 
per  cent.  At  this  point  most  of  the  silver  had  been  precipitated.  At 
the  end  of  five  and  one-half  hours  the  cyanide  content  began  to  fall, 
and  at  the  end  of  the  test  was  0.264  per  cent. 

It  is  evident  from  a  study  of  these  curves  that  the  experiment 
should  have  been  stopped  at  the  end  of  five  hours,  when  the  recovery 
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Figure  19. — Results  of  tests  with  and  without  use  of  salt  compared.     A,  curves  from 
test  shown  in  fig.  17»  salt  used.     B,  curves  from  test  shown  in  fig.  18,  no  salt  used. 

of  cyanide  was  at  the  maximum.  After  that  time  the  current  was 
not  used  economically,  and  little  silver  was  precipitated.  The  irregu- 
lar rise  of  the  current  was  evidently  due  to  the  rusting  of  the  cathodes, 
which  had  stood  over  night  wet  with  salt  solution.  The  silver  did 
not  begin  to  come  down  rapidly,  and  the  cyanide  to  be  regenerated, 
until  this  rust  had  been  reduced  by  the  current.  If  the  cathodes 
had  been  perfectly  free  from  rust  no  doubt  the  current  would  have 
started  at  about  1.75  amperes,  and  would  have  remained  nearly  con- 
stant, and  the  silver  would  have  been  precipitated  much  earlier  in  the 
experiment.  The  voltage  and  amperage  were  read  every  15  minutes 
with  Weston  standard  meters.  At  the  start  and  at  the  end  of  each 
hour  a  250-c.  c.  sample  was  taken  for  cyanide  titrations  and  for  silver 
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assays.  It  will  be  observed  that  the  electrical  efficiency  was  ex- 
tremely high  as  long  as  there  was  any  silver  to  be  precipitated,  but 
that  it  fell  rapidly  when  the  silver  content  became  diminished-  The 
relative  efficiency  in  the  two  tests  is  best  shown  in  figure  19. 

COMPARISON  OF  RESUIiTS. 

If,  neglecting  the  oxidation  at  the  anode,  we  assmne  that  the  silver 

is  precipitated  at  the  cathode  by  the  potassium  ion,  then  for  every 

atom  of  silver  precipitated  there  will  be  two  molecules  of  KCN  set 

free  at  the  cathode.    Assuming  65  as  the  molecular  weight  of  KCN, 

for  every  108  grams  of  precipitated  silver  130  grams  of  KCN  should 

130 
be  regenerated,  or  TQg= 1.2036  grams  of  KCN  regenerated  for  each 

gram  of  silver  pi^ipitated.  Evidently,  nothwithstanding  the  initial 
resistance  to  the  current  due  to  the  rusting  of  the  anodes,  the  final 
efficiency  of  both  the  silver  precipitation  and  the  cyanide  regenera- 
tion was  better  in  the  second  experiment,  shown  in  figure  18,  than 
in  the  first,  shown  in  figure  17.  In  the  ^'st  experiment  the  highest 
silver  efficiency  was  93.62  per  cent,  whereas  in  the  second  it  was 
96.35.  In  the  first  the  highest  cyanide  regeneration  was  58.19  per 
cent,  but  in  the  second  it  rose  to  76.67  per  cent  Evidently  tiie  ad- 
dition of  sodium  chloride  is  not  justifiable.  The  irregularity  of  the 
curves  in  the  second  experiment  was  also  due  to  this  cause. 

THEOBY^  OF  ELECTBOLYTIC  CYANIDE  BEGENEBATIOK. 

The  theory  of  electrolytic  regeneration  of  cyanide  is  of  great  prac- 
tical importance  and  is  difficult  to  explain  in  a  few  word&.  Accord- 
ing to  the  modem  view  the  ions  that  carry  the  current  in  the  solu- 
tion exist  already  dissociated,  or,  at  most,  loosely  associated.  The 
electric  current,  acordingly,  has  only  to  direct  -Skheir  motion.  The 
^  anode,  being  the  positive  pole  of  the  cell,  attracts  the  anions,  each  of 
which  carries  a  negative  charge  to  the  anode  where  it  gives  up  its 
negative  charge.  Simultaneously  the  cathode,  being  the  negative 
pole  of  the  cell,  attracts  the  cations,  each  of  which  carries  a  positive 
charge  and  delivers  it  to  the  cathode.  By  this  means  each  of  the  ions 
travels  through  the  solution  a  variable,  relative  distance  dependent 
on  the  "transfer  velocities."  The  velocities  have  been  accurately 
measured  by  Hittorf  and  others  for  many  electrolytes.  They  are 
not  necessarily  equal;  often  they  are  relatively  quite  different;  but 
for  simplicity  let  us  assume  that  all  are  equal.  The  pota^um 
cation  and  the  chlorine  anion  in  normal  solutions  of  KCl  have 
nearly  equal  values. 
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Let  us  first  assume  a  solution  containing  ions  arranged  as  shown 
in  the  following  diagram : 
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In  this  arrangement  the  +  sign  represents,  for  example,  the  potas- 
sium ion  with  its  positive  charge,  the  —  sign  represents  the  chlorine 
ion  with  its  negative  charge.  If  into  such  a  solution  are  inserted 
two  platinmn  electrodes  with  +  and  —  charges  the  equilibrium  is 
disturbed  and  the  anions  with  their  negative  charges  move  one  place 
to  the  right  toward  the  anode  with  its  negative  charge,  and  each 
cation  moves  one  place  to  the  left  with  its  positive  charge,  toward 
the  cathode  with  its  negative  charge.  The  arrangement  then  be- 
comes as  follows : 
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When  the  chlorine  anion,  with  its  negative  charge,  reaches  the 
anode,  it  gives  up  this  electrical  charge  and  becomes  gaseous  chlorine 
which  escapes.  When  the  potassium  cation  with  its  positive  charge 
reaches  the  cathode  it  gives  up  its  positive  charge  and  becomes 
metallic  potassium,  which  by  a  secondary  reaction  decomposes  the 
adjacent  water  and  produces  KHO  which  remains  in  solution  and 
hydrogen  gas  which  escapes  as  such.  It  will  be  noticed  that  the  in- 
tervening solution  remains  imchanged  in  chemical  composition  and 
that  the  only  chemical  changes  occur  at  the  electrodes.  The  theory 
thus  agrees  with  the  facts  first  observed  by  Faraday. 

As  regards  potassium  silver  cyanide,  the  potassium  cation  with  its 
positive  charge  travels  a  little  faster  than  the  AgCyj  anion  with  its 
negative  charge.  The  difference  of  velocity  is  not  great  and  the 
preceding  diagram  will  suffice  to  explain  the  case.  We  have  only  to 
suppbse  the  cation  with  the  +  sign  to  be  potassium  as  before  and  the 
anion  with  the  —  sign  to  be  not  chlorine  but  AgCy,.  There  will  then 
be  an  increase  of  one  molecule  of  AgCyj  at  the  anode  and  an  increase 
of  one  atom  of  potassiimi  at  the  cathode.  Suppose  that  there  also  are 
evenly  diffused  through  the  solution  other  molecules  of  KCy,  KHO, 
KAgCyj,  not  yet  brought  imder  the  influence  of  the  current.  Then 
when  a  K  cation  reaches  the  cathode  and  gives  up  its  positive  charge 
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it  finds  KAgCja  there,  which  is  more  easily  decomposed  than  water. 
A  secondary  action,  shown  in  the  equation  following,  is  theni  sup- 
posed to  ensue. 

KAgCy,-fK=2KCy-fAg. 

This  reaction  was  first  suggested  by  Hittorf  to  explain  the  smooth, 
silver  deposit  obtained  from  cyanides,  in  contrast  with  the  loose 
crystalline  deposit  from  other  salts  of  silver,  such  as  the  nitrate, 
where  the  silver  is  directly  deposited  by  the  current. 

It  will  be  noted  that  after  electrolysis  two  atoms  of  silver  are 
removed  from  the  solution  at  the  cathode,  one  by  electrolytic  wan- 
dering to  the  anode,  the  other  by  the  precipitating  action  of  the 
cation,  (As  regards  the  nitrate  there  would  be  removed  only  the 
one  atom  directly  precipitated  in  crystalline  form  by  the  electric 
current.) 

Let  us  next  suppose  this  process  to  be  repeated  at  the  cathode, 
and  further,  that  throughout  the  solution,  not  yet  affected  by  elec- 
trolysis, there  is  uniformly  diffused  2  KCy  in  the  free  state,  2  KHO, 
and  2  KAgCyj.  At  the  cathode  there  is,  then,  before  electro- 
lysis: 2KCy-f  2KHO+2KAgCy2,  and  after  electrolysis  (as  2  K  ions 
appear) :  2KCy+2KHO+2KAgCy2-f2K-6KCy+2Ag+2KHO.  It 
is  seen  that  there  is  a  gain  at  the  cathode  of  4  KCy,  free,  for  each 
2  Ag  precipitated. 

Let  us  make  a  similar  supposition  concerning  the  solution  at  the 
anode.  Before  electrolysis  the  composition  was,  2KCyH-2KHO-(- 
2KAgCy2,  and  after  two  units  of  electricity  have  passed,  it  is 
2KCy+2KHO+2KAgCy2-f 2AgCy2,  an  increase  of  two  molecules 
of  AgCy2  at  the  anode.  Now  as  shown  by  Morgan,  2AgC!y2  easily 
splits  up  into  2AgCy+2Cy.« 

The  2AgCy  easily  combines  with  2KCy  to  form  2KAgCy2,  and 
the  2Cy  reacts  with  2KH0  to  form  H^O,  KCyO,  and  KCy,  one  half 
being  destroyed  by  becoming  cyanate,  the  other  half  being  regener- 
ated as  KCy.  Combining  these  reactions  at  the  anode  into  one 
we  have,  after  electrolysis,  the  following  chemical  substances: 
4KAgCy2+KCyO+KCy-f  H2O.  Hence  at  the  anode  there  is  a  gain 
of  two  molecules  of  KAgCyg,  one  of  KCyO,  one  of  water,  a  loss  of 
two  molecules  of  KHO  and  two  of  KCy,  and  a  gain  of  one  molecule 
of  KCy ;  therefore  there  is  a  net  loss  at  the  anode  of  KCy.  But  there 
was  a  gain  at  the  cathode  of  4  KCy,  hence  the  net  result  is  a  total 
gain  of  3  KCy  for  each  2  Ag  precipitated,  and,  the  weights  of  silver 
precipitated  and  cyanide  recovered  will  be : 

Cyanide  recovered^  3X65  ^195 _ 

Silver  precipltated"2X108    216""^^^  ^^  ^^** 

'Christy,  S.  B.,  snectromotlTe  force  of  metals  in  cyanide  solutions:  Trans.  Am.  Inst 
Min.  Eng.,  vol.  30,  1900,  p.  882. 
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If  no  cyanide  were  oxidized,  for  every  part  of  silver  precipitated 

there  would  be:  -jqq- X 100 — -iqq X  100=120.37  per  cent  cyanide  re- 
covered. As  will  be  seen  later,  by  greatly  increasing  the  cathode 
area  as  compared  with  the  anode  area,  I  have  actually  recovered  free 
cyanide  to  the  extent  of  118  per  cent  of  the  weight  of  the  silver 
precipitated. 

The  reactions  with  potassium  auro-cyanide  are  exactly  the  same 
as  with  those  of  silver,  AuCyg  being  substituted  for  AgCyj.  (It  is 
possible  that  auric-cyanides  are  formed  at  the  anode  to  be  afterwards 
reduced  to  aurous  at  the  cathode.)  As  the  atomic  weight  of  gold  is 
greater  than  that  of  silver,  however,  the  relative  weights  of  cyanide 

recovered  from  a  given  weight  of  gold  will  be  J97=0.55  times  the 

amount  recovered  by  an  equal  weight  of  silver.  Further,  as  gold 
solutions  usually  contain  very  little  gold  cyanide  compared  with 
those  obtained  in  treating  rich  silver  ores,  the  amount  regenerated  is 
seldom  noticeable. 

Theoretically,  cuprous  cyanide  should  permit  a  large  regeneration 
of  cyanide,  owing  to  its  low  atomic  weight.  I  have  been  unable  to 
obtain  certain  proof  of  this  regeneration  in  the  few  experiments  I 
have  tried.  Mr.  Hamilton,  in  experiments  with  the  Butters  process, 
claims  to  have  obtained  such  evidence.  I  shall  discuss  this  later. 
The  facility  with  which  both  gold  and  copper  form  complex  cyanides 
of  higher  valency  at  the  anodes  by  taking  on  one  or  more  Cy  radicals 
possibly  explains  the  greater  difficulty  of  regenerating  cyanide  from 
them  than  from  silver  cyanides.  With  regard  to  possible  regenera- 
tion of  cyanide  from  potassium  cyanate  and  sulpho-cyanate,  as 
claimed  by  Clancy,  I  will  say  that  many  years  ago  I  made  some  pre- 
liminary experiments  on  this  subject  and  got  some  small  traces  of  re- 
generation, but  not  enough  to  cause  me  to  follow  the  matter  further. 
The  regeneration  of  cyanide  up  to  118  per  cent  of  the  weight  of  silver 
precipitated  as  previously  described  would  seem  to  indicate  that 
some  of  the  cyanate  must  have  been  regenerated. 

Evidently,  there  is  the  certain  possibility  of  regenerating  a  large 
part  of  the  cyanide  combined  with  silver,  particularly  in  the  rich 
solutions.  /This  gives  to  electrolytic  methods  a  great  advantage  over 
the  usual  methods  of  zinc  precipitation.  But  to  take  full  advantage 
of  such  regeneration  the  silver  precipitation  must  not  be  pushed  too 
far,  for  when  the  silver  is  nearly  gone,  electric  current  is  wasted  in 
decomposing  the  water,  and  the  nascent  oxygen  set  free  at  the  anode 
destroys  more  cyanide  than  is  regenerated  at  the  cathode,  particularly 
when  the  surface  of  the  anode  equals  or  exceeds  that  of  the  cathode. 
Of  course  actual  mill  solutions  contain  many  other  substances  than 
those  I  have  supposed,  and  the  reactions  are  much  more  complicated 
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than  those  I  have  outlined.  The  final  result  depends  not  only  on 
the  composition  of  the  solution,  but  also  on  the  voltage,  the  relative 
current  density  at  anode  and  cathode,  and  even  on  the  physical  as 
well  as  the  chemical  nature  of  the  cathodes  themselves.  The  tendency 
of  cyanogen  molecules  to  combine  with  one  another,  forming  para- 
cyanogen,  and  to  oxidize  to  azulmic  acid  is  another  complication,  as 
is  the  tendency,  which  should  be  mentioned,  of  cyanide  to  deteriorate 
into  KjCOg  and  ammonia  compounds.  The  presence  of  sufficient  free 
alkali  is  of  controlling  importance  in  the  regeneration  of  the  cyanide. 

CAN    CYANIDE    BE    BEGENEBATED    BY    THE    ELECTBOI^TSIS    07 

FEBBOCYANIDESP 

Prof.  Kern,*  of  Columbia,  in  a  report  published  in  1913,  answers 
this  question  with  an  emphatic  "  No ! "    He  says : 

(12)  The  regeneration  of  cyanide  solutions  which  contain  sulphocyanide  and 
ferrocyanide  does  not  occur  by  electrolysis  by  direct  current,  whether  the  con- 
ditions of  electrolysis  be  made  oxidizing  or  reducing  by  varying  the  relative 
current  densities  at  the  anode  and  the  cathoda 

On  March  14,  1901,  I  made  a  preliminary  investigation  to  see 
whether  there  was  anything  in  this  idea.  Twelve  liters  of  a  1  per 
cent  solution  of  K^FeCye,  with  0.2  per  cent  KHO,  was  made  up.  It 
was  circulated  through  the  deposition  box.  Six  hard  carbon  comb 
anodes  were  used  and44  of  the  5-cluster  clean  iron- wire  cathodes. 

The  original  solution  was  carefully  titrated  for  KCy  and  appeared 
to  contain  a  trace  (0.001  per  cent)  of  KCy,  which  possibly  was  pro- 
duced by  the  action  of  the  potash.  The  solution  was  clear  and  of  a 
pale  yellow  color.  It  was  electrolyzed  for  four  hours  at  1.5  volts, 
and  1.4  to  2.1  amperes.  The  solution  changed  in  color,  taking  on  a 
slightly  greenish  tinge,  and  traces  of  a  deposit  like  FegO^  formed 
on  the  carbon  anodes.  Seemingly  there  was  a  very  slight  increase  in 
the  reaction  for  cyanide,  but  this  was  doubtfuL 

The  carbon  anodes  were  then  removed  and  platinum  was  substi- 
tuted for  them.  The  voltage  was  increased  to  2.5,  and  the  current  of 
3.3  to  4.2  amperes  was  continued  for  one  hour.  No  definite  change 
was  observed  in  the  cyanide.  A  little  ferric  hydrate  and  Prussian 
blue  formed  on  the  anodes. 

The  voltage  was  then  raised  to  4,  and  the  current  increased  to  8 
amperes  and  was  continued  for  one  hour.  The  solution  was  now 
full  of  fine  bubbles  and  had  turned  orange  color,  due  probably  to 
suspended  ferric  hydrate.  A  distinct  reaction  for  cyanide  was  ob- 
tained, the  titration  showing  0.005  per  cent  KCy.  The  anodes  were 
coated  with  ferric  hydrate  and  Prussian  blue.    In  20  minutes  more 

•  Kern,  E.  F.,  Electrolysis  of  cyanide  solutions :  Trans.  Am.  Electrochem.  Soc.,  toI.  34, 
1918,  p.  266. 
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the  KCy  content  rose  to  0.007  per  cent,  and  one  hour  later  to  0.019 
per  cent.  The  entire  solution  was  full  of  minute  bubbles  of  gas,  the 
composition  of  which  was  not  determined.  Also,  loose  flocculent 
ferric  hydrate  was  contained  in  suspension.  Of  the  original  sample, 
ijvhich  titrated  0.001  per  cent  KCy  before  electrolysis,  22  c.  c.  was 
inclosed  in  a  tube  with  12  c.  c  of  air  and  with  a  standard  gold  strip 
2  inches  by  one-fourth  inch  in  size,  weighing  0.25  gram.  The  gold 
strip  was  then  rotated  for  one  hour  in  the  solution,  after  which  time 
it  was  found  to  have  lost  in  weight  0.25  mg.  gold.  The  solution 
therefore  must  have  contained  a  trace  of  cyanide  produced  by  the 
dissociation  of  the  ferrocyanide  in  the  presence  of  the  KHO. 

A  similar  experiment  was  made  with  22  c.  c.  of  the  clear  solution 
(titrating  0.019  per  cent  KCy),  taken  at  the  end  of  the  electrolysis, 
and  12  c  c.  of  air.  Both  tubes  containing  the  gold  were  rotated  on 
the  same  shaft  for  one  hour  side  by  side.  Upon  weighing  the  gold, 
the  loss  from  this  second  strip  was  4.05  mg.,  or  more  than  16  times 
that  from  the  first  strip. 

The  gold  strips  were  then  reversed,  the  second  being  placed  in  the 
original  solution  and  the  first  in  the  residual  solution.  The  former 
now  lost  0.04  mg.  and  the  latter  0.94  mg.  A  film,  not  visible  to  the 
eye,  seemed  to  have  formed  on  both  gold  strips,  but  the  electrolyzed 
solution  was  still  leading,  being  this  time  23.5  times  as  effective  as 
the  original  solution.  It  would  appear  from  these  experiments  that 
with  platinum  electrodes,  at  least,  cyanide  can  be  regenerated  from 
potassium  ferrocyanide  in  the  presence  of  caustic  potash,  with  a  cur- 
rent of  moderate  density.  This  would  give  a  great  advantage  to 
electrolysis  if  it  could  be  made  generally  applicable.  However,  I 
did  not  follow  the  matter  further. 

Although  Kern  denies  the  possibility  of  any  regeneration  from  the 
ferrocyanide  by  direct  current,  he  says  f 

When  cyanide  solutions  containing  sulpho  or  ferrocyanide  were  electrolyzed, 
the  cyanide  consumption  was  much  less  than  that  which  occurred  in  pure 
cyanide  solutions,  which  indicates  that  sulphocyanide  and  ferrocyanide  act  as 
protective  agents  during  the  electrolysis  of  cyanide  solutions. 

It  would  seem  that  another  explanation  than  that  of  "  protective 
agents  "  is  possible — ^namely,  that  there  was  actually  a  slight  regen- 
eration that  partly  offset  the  usual  oxidation  losses.  The  amount  of 
cyanide  that  was  regenerated  in  my  test  was  slight.  •  It  was  necessary 
to  use  100  c.  c.  samples  to  be  sure  of  the  cyanide  titration.  How- 
ever, there  seems  no  doubt  that  under  certain  conditions  a  small 
amount  of  cyanide  can  be  regenerated  from  the  ferrocyanide  by  the 
direct  current,  and  this  factor  is  another  possible  advantage  in  elec- 
trolysis over  zinc  precipitation. 

•Kern,  B.  F.,  work  cited,  p.  264. 
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SHEET-IRON  ELECTBODES  COMPARED  WITH  I&ON  WIRE-CIiOTE 

ELECTEODES. 

To  determine  whether  the  iron  wire-cloth  electrodes  were  actuallT 
superior  to  those  of  sheet  iron,  *12  sheet-iron  anodes  were  noade. 
These  sheets,  3f  inches  high  by  3  inches  wide,  were  held  by  two 
hard  rubber  strips,  one  on  each  side,  so  extended  as  to  keep  the  lower 
edge  J  inch  above  the  bottom  of  the  box.  The  12  sheet-iron  cathode 
were  4  inches  high  by  3  inches  wide,  in  the  clear,  and  were  held  in 
ebonite  insulating  strips.  Four  J-inch  perforations  were  made  near 
the  top  of  each  strip  to  allow  the  solution  to  circulate.  The  cathodes 
were  coated  with  a  thin  film  of  graphite  and  vaseline.  The  electrodes 
were  J  inch  apart.  The  effective  cathode  area  was  1.25  square  feet 
or  about  0.12  square  meter.  Circulation  was  produced  by  the  cen- 
trifugal pump,  and  the  flow  was  up  and  down  through  the  J-inch  bv 
3-inch  spaces,  at  the  rate  of  only  0.56  liter  per  minute  in  the  begin- 
ning.   The  results  were  as  follows : 

Results  of  tests  with  sheet-iron  electrodes. 


Time, 
lioiirs. 

Volts. 

Amperes. 

KCvin 
solution, 

SQver 
per  100 

percent. 

c.  c,  mg. 

0 

0 

• 

0 

0.215 

16.75 

1 

1.6 

0.60-0.22 

.214 

13.99 

2 

1.6 

.27 

.214 

12.05 

3 

1.5 

.265 

.213 

10.43 

4 

1.5 

.23 

.212 

9.13 

5 

1.5 

.24 

.210 

8.65 

6 

1.5 

.21 

.209 

8.25 

7 

1.5 

.20 

.209 

6.86 

The  results  (see  fig.  20)  at  the  end  of  the  first  hour  were  so  poor 
that  during  the  second  hour  the  cathodes  were  removed,  cleaned  with 
gasoline  of  the  graphite- vaseline  mixture  and  of  silver,  and  then  re- 
placed. At  the  end  of  the  fourth  hour  the  electrodes  were  placed 
parallel  with  the  longer  dimension  of  the  box  to  increase  the  velocity 
of  flow  to  6  liters  per  minute.  The  experiment  was  repeated  with 
many  variations  without  graphite  and  vaseline,  in  which  a  voltage  of 
2  volts  and  a  current  of  1  ampere  were  employed,  and  also  2.5  volt5 
and  3  amperes.  With  the  stronger  current  the  precipitation  was 
tery  little  better.  At  0.95  ampere  small  bubbles  of  gas  filled  the  so- 
lution and  this  gas  increased  with  higher  current  densities.  The  ad- 
vantage of  the  greater  surface  presented  by  the  wire-cloth  catKodes 
compared  with  that  of  the  sheet-iron  cathodes  was  evident. 

COMPABISON  OF  SILVEB  CLEAN-UP  PBOM  SHEET-IBGK  AKODE 
WITH  CLEAN-UP  PBOM  WIBE-GAUZE  ANODES. 

The  clean-up  box  that  was  used  held  500  c.  c.  of  solution ;  the  solu- 
tion contained  0.1  per  cent  KCy.    The  voltage  was  not  recorded; 
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from  memory  I  judge  that  it  was  derived  from  one  Daniell  cell  and 
was  higher  at  the  end  than  in  the  beginning.  The  anode  was  of 
sheet  iron  8.3  by  8.7  cm.  in  size,  giving  an  area  of  144.2  square 
centimeters  for  the  two  sides.  The  current  was  0.1  ampere  at  first, 
finally  becoming  0.005  ampere.     The  sheets  of  silver  that  finally 


8  i 

HOURS 

Figure  20. — Electrodeposition  results  with  sheet-Iron  electrodes.  Twelve  anodes,  effec- 
tive area  1.25  square  feet,  and  12  cathodes,  effective  area  1.25  square  feet,  spaced 
i  Inch.  Silver  cyanide  solution,  rate  of  flow  0.56  to  6  liters  per  minute.  During  first 
four  hours,  electrodes  vertical,  velocity  of  flow  up  and  down  slots  averaged  0.68  inch 
per  minute.  After  fourth  hour,  electrodes  parallel  with  flow,  velocity  much  increased. 
Figure  16  (p.  66),  compared  with  this  figure,  shows  advantage  of  using  wire-cloth 
cathodes  and  larger  area  of  cathode  than  of  anode. 

were  peeled  off  were  about  0.23  mm.  thick;  one  weighed  19.78 
grams  and  the  other  16.85  grams.  To  the  total  weight  of  the  sheet 
silver  recovered,  36.63  grams,  should  be  added  that  of  the  silver 
slimes  from  solution  (0.39  gram),  making  a  total  of  37.02  grams. 
The  residual  cyanide  solution,  which  was  a  deep  yellow,  contained 
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0.065  per  cent  free  cyanide  and  0.153  gram  iron  per  liter.    Half  of 
this  weight  of  iron  had  dissolved  from  the  anode. 

Another  clean-up  was  made  during  which  the  stripping  soluti(Hi| 
was  made  to  circulate  through  the  clean-up  box.    The  cathode  used  I 
was  2f  by  3J  inches  in  size,  giving  an  area  for  the  two  sides  ofj 
19.26  square  inches  or  0.134  square  foot.    With  10  wire-cloth  wire; 
cathodes  in  two  bunches  of  five,  connected  as  anodes  on  each  side| 
of  the  cathode,  1  Daniell  cell  gave  0.25  ampere.    When  the  soluticm 
was  strongly  circulating,  the  current  rose  to  0.35 ;  on  the  circulation 
being  stopped,  the  amperage  fell  in  one  minute  to  0.1  and  the  voltage 
rose  to  0.7.    Finally  the  current  fell  to  0.2  ampere,  and  the  cyanide 
content  to  0.25  per  cent;  and  the  solution  contained  29.73  mg.  of  silver 
per  100  c.  c.    The  solution  was  now  strengthened  to  0.45  per  cent; 
free  KCy  and  the  voltage  was  raised  to  1.25,  when  the  last  tvo: 
bunches  of  five  cathodes  from  the  deposition  box  were  put  in.  i 

The  current  density  was  at  first  2.61  and  finally  0.373  ampere  per  I 
square  foot  This  density  was  too  high  except  when  the  rate  of  cir- 
culation of  the  solution  also  was  high.  About  50  mg.  of  fine  silver 
dust  came  off  in  washing,  and  only  10  mg.  were  found  in  the  clean-up 
box.  The  final  solution  contained  0.41  per  cent  KCy  and  3.55  mg.  of 
silver  per  100  c.  c.    The  cathodes  were  apparently  stripped  clean. 

The  amount  of  silver  recovered  from  the  cathodes  was  as  follows: 

I 

Quantity  of  silver  recovered  from  cathodes. 

Grams. 

From  l8t  set  (4X5)  of  cathodes 7.700 

From  2nd  set  (4X5)  of  cathodes 5. 977 

From  8rd  set  (2X10)  of  cathodes 2.258 

Total  recovery 15.  935 

The  solution  treated  in  the  deposition  box  contained  15.040  grams 
of  silver,  giving  an  excess  recovered  of  0.895  gram,  which  came  from 
the  original  cathodes  that  were  not  entirely  cleaned  in  the  previous 
test.  The  silver  recovered  was  entirely  free  from  gold,  copper,  or 
iron,  and  was  decidedly  fine.  The  silver  dissolved  in  nitric  acid, 
leaving  no  residue,  and  the  nitric  acid  solution  gave  no  color  test  with 
ammonia. 

THE  XrSE  OF  THE  CLEAH-TJF  BOX  WITH  BAFID  CIECITLATIOH. 

The  capacity  of  the  deposition  box  had  now  been  so  increased  that 
it  far  exceeded  that  of  the  dean-up  box,  and  I  next  tried  to  increase 
the  capadty  of  the  latter  in  the  way  that  I  had  that  of  the  deposition 
box.  This  was  not  easy,  as  it  was  desirable  to  use  sheet  cathodes 
from  which  the  metal  could  be  stripped. 

The  sheet-iron  cathodes  of  the  clean-up  box  were  of  two  types, 
which  will  be  designated  as  A  and  B.    The  surface  of  the  type-A 
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cathodes  exposed  to  the  solution  was  7.5  by  8.5  cm.  These  cathodes 
touched  the  bottom  of  the  box,  and  were  perforated  near  the  top  with 
four  6-mm.  holes  to  allow  the  solution  to  pass  through.  The  total 
submerged  area  of  the  six  type-A  cathodes  was  765  square  centi- 
meters. The  six  type-B  cathodes  used  were  each  7.5  by  8  cm.  in 
size.  They  were  so  placed  that  they  did  not  quite  touch  the  bottom 
of  the  box,  in  order  to  force  the  solution  to  pass  under.  The  area  of 
these  six  cathodes  on  both  sides  was  720  square  centimeters.  The 
total  cathode  area  was  thus  1,485  square  centimeters,  or  a  little  less 
than  one-sixth  square  meter,  or  about  1.5  square  feet. 

The  vertical  edges  of  the  cathodes  A  and  B  were  insulated  by  ebon- 
ite strips  1  cm.  wide  and  6  mm.  thick,  which  were  placed  on  each  side 
of  the  plates  to  stiffen  them  and  to  prevent  their  touching  tto  elec- 
trodes to  be  stripped.  The  plates  were  then  rubbed  with  a  mixture 
of  graphite  and  vaseline,  just  enough  vaseline  being  used  to  make  the 
^aphite  adhere.  This  coating  was  rubbed  to  a  dry  finish  and 
the  cathodes  A  and  B  were  placed  in  alternate  positions  to  force  a 
proper  circulation  of  the  solution.  Between  the  12  cathodes  were 
placed  the  wire-cloth  anodes  to  be  stripped,  which  had  been  the 
cathodes  of  the  deposition  box.  Thirteen  to  26  of  these  could  be 
stripped  at  a  time.  In  the  first  experiment  14  were  used.  The 
solution  was  circulated  rapidly  through  the  box  by  a  small  cen- 
trifugal pump. 

The  14  wire  cathodes  in  bunches  of  five,  to  be  stripped,  had  been 
used  before  and  had  an  unknown  quantity  of  silver  deposited  on 
them.  In  the  present  test  four  different  lots  of  dilute  cyanide  solu- 
tions, containing  silver,  were  deposited  on  them  in  the  usual  way. 
The  depositions  were  continued  at  convenient  intervals  for  several 
days,  the  cathodes  being  taken  out  and  dried  between  times.  The 
conditions  of  deposition  were  unfavorable  to  good  precipitation,  on 
account  of  the  local  action  between  the  iron  and  the  silver  during 
the  drying,  which  would  not  occur  in  continuous  practice.  In  all 
55.828  grams  of  silver  was  calculated  to  have  been  deposited  on  the 
cathodes  in  these  four  runs,  the  exact  amount,  however,  being  greater 
on  account  of  the  unknown  amount  on  them  m  the  beginning. 

Stripping  followed  with  one  small  "Nimgesser"  cell  (zinc  and 
copper  oxide  in  NaHO)  which  gave  a  voltage  of  0.75  in  open  cir- 
cuit, but  much  less  on  a  closed  circuit.  At  first,  with  12  cathodes 
and  14  anodes  to  be  stripped,  the  cell  gave  0.4  volt  and  1.4  amperes 
on  a  closed  circuit.  This  soon  fell  to  0.3  volt,  but  the  current  re- 
mained at  slightly  more  than  1  ampere  till  the  electrodes  were  nearly 
stripped  (five  hours) ,  when  the  voltage  rose  to  0.58  and  the  amperage 
fell  to  0.38.  In  seven  and  one-half  hours  the  wire  electrodes  were 
apparently  completely  stripped,  the  voltage  of  the  cell  having  risen 
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to  0.68  volt  and  the  current  leaving  fallen  to  0.2  ampere,  the  current 
density  being  8.0  amperes  per  square  meter  at  the  start  and  about  1.11 
at  the  end  of  the  stripping.  The  silver  formed  a  brilliant  white 
deposit  and  adhered  firmly.  The  only  trouble  was  a  tendency  for 
the  silver  to  creep  on  the  edges  of  the  ebonite  strips  where  a  little 
graphite  had  accidently  adhered. 

The  stripped  anodes  were  then  removed,  washed,  and  dried,  and 
the  process  of  electroconcentraticm  was  again  undertaken.  The  six 
type-A  electrodes  were  now  made  anodes,  and  the  B  electrodes  were 
made  the  cathodes.  The  voltage  was  varied  from  0.2  volt  at  the  start 
to  0.68  at  the  end.  The  current  at  the  start  was  0.96  ampere  and  at 
the  end  0.062.  The  cell  was  run  22  hours,  when  the  silver  was  found 
to  be  entirely  removed  and  concentrated  on  the  six  B  cathodes.  It 
was  found  to  be  in  beautiful  coherent  sheets  that  could  be  readily 
peeled  off.  The  formation  of  these  strips  is  a  complete  refutation 
of  the  statements  of  Prof.  Neumann  that  this  is  impossible.  The 
total  weight  of  silver  concentrated  on  the  six  B  cathodes  weighed 
91.8  grams.  The  cyanide  solution  at  first  contained  about  1  per 
cent  KCy.)  To  this  more  was  added  from  time  to  time,  and  at  the 
end  of  the  test  the  content  of  free  KCy!  was  0.41  per  cent.  The 
silver  content  at  the  end  was  4.42  grams  of  silver  in  1.26  liters  of 
solution,  or  about  0.354  per  cent.  Of  course  it  would  have  been 
easily  possible  to  reduce  this  amount  of  residual  silver  to  almost  any 
smaller  amount  by  electrolysis.  In  one  test  the  silver  content  of 
the  solution  in  the  stripping  box  was  reduced  to  0.98  mg.  per  100 
c  c,  the  KCy  content  being  0.59  per  cent.  If  the  solution  were  to  be 
discarded  the  silver  value  could  be  reduced  to  a  few  cents  per  ton  by 
circulating  the  solution  a  few  times  through  the  deposition  box. 

These  excellent  results  were  repeatedly  duplicated,  and  the  good 
coating  with  this  dense  current  would  have  been  impossible  without 
the  rapid  circulation  of  the  stripping  solution. 

DEPOSITION  OF  GOLD  ON  IBON  WIBE-CLOTH  CATHODES. 

The  electrodeposition  of  gold  from  cyanide  solution  is  both  theo- 
retically and  practically  more  difficult  than  that  of  silver.  Theoreti- 
cally the  difference  is  to  be  judged  by  the  electromotive  force  de- 
terminations of  these  metals  in  cyanide  solutions.®  Thus  in  6.5  per 
cent  KCy  solution  gold  is  electropositive  to  silver  by  0.100  volt;  in 
0.65  per  cent  KCy  solution,  by  0.07  volt ;  in  0.065  per  cent  KCy  solu- 
tion, by  0.035  volt ;  and  in  0.0065  per  cent  KCy,  by  0.030  volt.  This 
latter  strength  of  solution  is  near  the  critical  point  at  which  both 
gold  and  silver  become  electronegative  to  cyanide  solutions.    Beyond 

•  See  Christy,  S.  B..  electromotive  force  of  metals  in  cyanide  solutions :  Trans.  Am.  Inst 
Min.  Eng.,  vol.  80,  1900.  pp.  921-2. 
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it  point,  while  both  metals  remain  electronegative,  the  silver  be- 
nes  less  so  (less  "  noble  ")  than  does  gold. 

Practically  the  extent  of  the  difference  by  which  gold  is  less  easily 
scipitated  from  cyanide  solutions  than  is  silver  increases  more  than 
i  figures  would  indicate.    This  is  shown  by  a  study  of  the  follow- 


r  experiment. 


DEPOSITION  OF  GOLD  FBOM  GOLD  CYANIDE  SOLUTION. 

At  the  begiilning  of  the  test  there  was  22  liters  of  gold  cyanide 
ution,  containing  0.198  per  cent  KCy,  0.1  per  cent  KHO,  and  3.696 
ams  Au  as  KAuCyj.  Fourteen  bunches  of  five  iron-wire  cathodes 
ire  used.  The  flow  was  at  the  rate  of  8  liters  per  minute,  or  480 
ers  per  hour.  The  mean  area  was  4  square  feet.  The  results  are 
awn  below. 


Results  of  elecirodeposition  experiment  with  gold  cyanide  solution. 


Hours. 

Volts. 

Amperes. 

KCy, 
percent. 

Gold, 
mg.per 
100  c.  c. 

0 

1 

2 

8a 

4 

5 

6 

0 
1.6 
1.6 
1.5 
1.6 
1.5 
1.5 

0 
2. 00  to  0.6 
0.61  to  0.52 

0.52  to  ao 

1.02  to  0.43 
0.41 
0.41 

0.106 
.190 

.191  (?) 
.188 
.182 
.174 
.165 

16.80 

14.50 

5.92 

1.^ 

.00 

.02 

Trace. 

Note  intemiption  of  current  for  half  an  hour.   Here  the  electric  current  failed,  cathodes  were  removed 
drained.    After  delay  of  one-half  hour  the  current  came  on  and  the  cathodes  were  replaced.    The 
rent  was  high  at  first,  then  dropped  rapidly. 

The  ampere-hour  efficiency,  assuming  gold  as  univalent,  7.35  grams 
r  ampere-hours,  was  as  follows: 

Data  showing  ampere-hour  efficiency. 


Hour. 

Oold,  mg,  per  liter. 

Liters 
treated. 

Oold  pre- 
cipitated, 

Average 
ampere- 
hours. 

Theoretical 

gold, 

grams. 

Ampere- 
hour 
efficiency. 

In  sample. 

Difference. 

0 
1 
2 
3 
4 
5 
6 

168.0 

145.9 

59.2 

14.0 

.9 

.2 

Trace. 

Percent. 

22.1 
86.7 
45.2 
13.1 
.7 
.2 

21.79 
21.68 
21.57 
21.46 
21.35 
21.24 

0.4816 
1.8800 
.9750 
.2811 
.0149 
.0042 

1.12 
.57 

IS 

.41 
.41 

82320 
4.1807 
3.3812 
4.1162 
3.0137 
3.0137 

5.79 

44.87 

28.71 

6.83 

.49 

.0130 

3.6368 

25.0465 

14.01 

tn  the  above  experiment,  the  initial  volume,  22  liters,  was  reduced 
0.210  liter  for  the  first  sample  and  by  0.110  liter  for  each  succeed- 
j  sample,  taken  at  the  end  of  each  hour.  Hence  a  deduction  from 
i  volume  for  the  solution  treated  each  hour  is  necessary.    A  num- 
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FiouMi  21.— Electrodepodtion  reralts  with  gold  cyanide  solution.  Twenty-two  llten  o' 
■olntioD*  containing  0.198  per  cent  KCy,  0.1  per  cent  KHO,  and  8.696  grama  of  Ao  >i 
KAaCys,  taken  for  test.  Seventy  le-mesh  wire-cloth  cathodes;  estimated  area,  bot^ 
sides,  2  to  10  square  feet.  Rate  of  flow.  8  liters  per  minute ;  velocity  through  op^ 
hox,  46  Inches  per  minute ;  through  cathodea,  105  Inches.  Note  slight  cyanide  i^ 
feneration  during  second  hour. 
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tyer  of  important  conclusions  may  be  drawn  from  this  experiment 
(see  fig.  21). 

First,  note  the  low  efficiency  during  the  first  hour.    The  cause  of 
tliis  low  efficiency  is  that  between  the  experiments,  which  were  dis- 


1 


8  4 

HOURS 


FiouBi  22. — Gold  deposition  results  showing  effect  of  local  action  on  Iron-wire  cathodes. 
Bight  carbon  comb  anodes;  70  IG-mesh  cathodes;  estimated  surface,  between  2  and 
10  square  feet  Twenty-two  liters  of  solution,  containing  0.208  per  cent  KCy»  and 
16.88  mg.  Au  per  100  c.  c.  Rate  of  flow,  8  liters  per  minute ;  Telocity,  46  Inches  per 
minute  through  open  box  and  105  through  cathodes. 

continuous,  the  iron-wire  cathodes  had  rusted,  and  a  large  part  of  the 
current  in  the  first  hour  was  consumed  in  reducing  the  oxide.    The 


86  ELECTBODEPOSrriON  OF  GOLD  AND  SILYEB. 

serious  nature  of  this  trouble  is  shown  more  clearly  in  later  ezpe 
menta 

Second,  the  high  ampere-hour  efficiency  in  the  second  hour  (41j 
per  c^it)  would  have  been  still  higher  if  the  cathodes  had  been  ei 
tirely  clean  the  first  hour.  The  ampere-hour  efficiency  for  the  a 
tire  six  hours,  14.01  per  cent,  was  remarkably  high. 

The  extraction  was  good.  In  five  hours  the  gold  value  of  the  soh 
tion  was  reduced  to  12  cents  per  ton  and  in  six  hours  to  less  thi 
6  cents.  The  precipitation  is,  however,  much  less  rapid  than  witj 
silver.  The  rate  would  have  been  increased  by  a  higher  voltage  bd 
at  the  cost  of  the  ampere-hour  efficiency. 

A  slight  regeneration  of  cyanide  during  the  second  hour,  wha 
the  gold  precipitation  was  greatest,  was  noted. 

THE  EPFECT  OF  LOCAL  ACTION  ON  IBON-WIBE   CATSODES. 

Attention  has  already  been  called  to  the  local  action  that  taki 
place  in  intermittent  silver  precipitation.  With  gold  it  is  moil 
marked.  The  serious  nature  of  this  difficulty  is  illustrated  by  tk 
following  experiment:  The  gold-coated  cathodes  were  drained  and 
allowed  to  dry  over  night  They  were  not  dried  by  heat,  as  the  m 
equal  expansion  of  gold  and  iron  might  cause  the  coat  to  scal& 
However,  local  action  resulted  which  oxidized  the  iron  with  disi^ 
trous  results.  For  the  first  hour,  gold  dissolved  in  spite  of  the  cor^ 
rent,  showing  that  the  coating  of  gold  had  been  undercut  by  tbi 
rust,  thus  insulating  it  from  the  iron  cathode,  and  allowing  it  t^ 
dissolve.  The  second  hour  still  shows  the  bad  effect  of  the  rust, 
although  the  deposition  was  fair.  The  details  and  results  of  ik 
experiment  (see  fig.  22)  which  illustrates  this  are  as  follows: 

There  were  employed  eight  new  carbon  anodes.  The  cathodes 
were  the  14  bunches  of  fine  16-mesh  wire-gauze  screens,  which  hd 
been  partly  coated  with  gold  from  the  previous  run.  The  total  vol- 
tune  of  the  solution  at  the  start  was  22  liters ;  it  contained  0.208  per 
cent  KCy,  168.3  milligrams  gold  per  liter,  and  0.1  per  cent  KHO. 
The  flow  was  8  liters  per  minute,  or  480  liters  per  hour.  The  total 
cathode  area  was  between  1.57  and  7.85  square  feet.  The  area  of  tb 
composite  wire  cathodes  is  hard  to  calculate.  The  minimum  arei 
would  be  that  of  the  section  of  the  cloth,  0.112  square  feet  (coimtin? 
both  faces)  for  each  of  the  14  groups,  or  1.57  square  feet.  Tte 
maximum  would  be  5  times  1.57,  or  7.85  square  feet.  In  time  &^ 
entire  cloth  becomes  covered  with  metal,  but  not  all  at  once.  The 
true  mean  would  probably  be  about  4  square  feet,  a  little  below  the 
average  of  4.71  square  feet.  The  ampere-hour  effici^cy  in  this  eX' 
periment  is  shown  in  the  following  table: 
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Data  ahotcing  ampere-hour  efficiency  in  experiment. 


Hour. 

Gold.  mg. 
peruter. 

Diflerenoe. 

Number 
of  liters 
treated. 

Ooldpre- 
dpitation. 

AvoragB 
ampere- 
hours. 

Theoretioal 
gold,  grams. 

Ampere 

hour 

effldencv, 

percent. 

0 
1 
2 
3 
4 
5 
6 
7 

168.3 

266.7 

199.7 

108.6 

87.3 

2.1 

.2 

Tiaoe. 

-98.4 
+67.0 
+9L1 
+71.3 
+35.2 
+  L9 
+    .2 

21.79 
21.68 
21.67 
21.46 
21.35 
2L24 
21.13 

-2.1442 
+L4526 
+L9650 
+L5300 
+  .7515 
+  .0404 
+  .0042 

2.100 
L570 
.526 
.478 
.406 
.350 
.350 

15.434 
11.540 
8. 866 
8.513 
2.964 
2.572 
2.572 

Negative. 
12.58 
60.81 
43.55 
25.18 
1.57 
.16 

+3.5004 

42.481 

During  the  first  hour  the  ampere-hour  efficiency  was  negative,  as 
nearly  two-thirds  of  the  gold  already  precipitated  was  redissolved ;  but 
in  the  next  horn*  the  current  had  begun  to  cure  the  evil,  and  12.58  per 
cent  of  the  current  was  utilized.  During  the  next  hour  the  efficiency 
had  risen  to  50.81  per  cent,  slowly  falling  to  a  fraction  of  1  per  cent. 
Besides  the  dissolved  gold  the  new  gold,  amounting  to  8.6842  grams, 
was  practically  all  precipitated.  However,  considering  the  net  gold 
only,  the  efficiency  is  high.  Dividing  3.5994  by  42.481  (the  weight 
of  gold  that  the  current  should  have  precipitated)  gives  for  the 
whole  period  8.47  per  cent,  which  is  a  good  result  in  spite  of  the  poor 
start. 

To  be  sure  that  the  carbon  anodes  had  not  prevented  the  solution 
(containing  0.185  per  cent  KCy)  from  dissolving  gold,  100  c.  c.  of 
the  tailing  solution  was  rotated  for  half  an  hour  in  a  |-liter  flask  filled 
with  air  to  aerate  it,  and  then  was  rotated  with  a  gold  strip  in  it  for 
one  hour.  The  quantity  of  gold  thus  dissolved  was  2.47  mg.  A  par- 
allel experiment  with  pure  KCy  (0.185  per  cent)  solution  gave  2.41 
mg.    Hence  the  carbon  anodes  had  not  prevented  solution  of  gold. 

The  same  wire-cloth  cathodes,  14  groups  of  five,  from  the  above 
test  with  gold  still  on  them  were  again  treated  with  practically  the 
same  results.  (See  figure  ,23).  Eight  of  the  hard-carbon  anodes 
were  used.  The  cathode  area  was  between  1.57  and  7.85  square  feet. 
The  rate  of  flow  was  8  liters  per  minute.  The  ampere-hour  efficiency 
under  the  above  conditions  is  shown  in  the  following  table: 

Data  showing  ampere-hour  efficiency  of  experiment. 


Hoar. 

Ooldfing.  perUter. 

Nnxnber 
of  liters 
treated. 

Gold  pre- 
cipitated, 

Average 
ampere- 
hours. 

Theoretioal 

gold, 

grams. 

Ampere 

hour 

effldency, 

percent. 

At  starts 

Difterenoa. 

0 
1 

2 
8 

4 
6 
6 
7 

160.3 

270.4 

218.9 

166.6 

94.0 

29.3 

2.0 

.2 

-101.1(7) 
+  51.6 
+  68.4 
+  71.6 
+  64.7 
+  27.3 
+    1.8 

21.79 
2L68 
21.67 
21.46 
21.36 
2L24 
21.13 

-2.2080(7) 

+L1166 

+1.1518 

+1.5248 

+L3812 

+  .5798 

+  .0880 

a668 
.410 
.410 
.430 
.484 
.382 
.346 

4.176 
8.017 
8.017 
8.161 
8.190 
2.807 
2.636 

Negative. 
37.01 
88.18 
48.24 
43.30 
20.66 
1.60 
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The  net  amount  of  gold  precipitated  was  3.5891  grams,  whereas  tint 
current  should  have  precipitated  21*903  grams.  Therefore,  the  total 
ampere-hour  efficiency  was  16.39  per  cent,  and  in  spite  of  the  poor 


i 
noXTBs 

FiouBB  28. — Electrodeposltloii  results  showing  re-solutlon  of  gold  due  to  mstliig  o< 
cathodes.  Eight  "  Electra  "  carbon  comb  anodes.  Seventy  16-me8h  wire-gauze  cathodes, 
in  14  groups  of  6  each ;  estimated  total  surface  area,  between  2  and  10  square  feet 
Solution,  22  liters,  contained  0.212  per  cent  KCy,  0.1  per  cent  KHO,  and  16.93  mf. 
Au  per  100  c.  c  Rate  of  flow,  8  liters  per  minute;  velocity  through  open  box,  4i 
inches  per  minute;  through  cathodes,  106.  Mote  faU  of  cyanide  during  solution  of 
gold  and  slight  rise  during  fall  of  gold. 

start  was  decidedly  satisfactory  for  the  whole  period.    The  current 
was  rather  low  because  the  solution  was  a  new  one  used  for  the  first 
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time,  and  did  not  contain  so  many  dissolved  salts;  the  current  was 
relatively  better  after  a  while  because  the  contacts  were  better.  The 
fall  of  the  cyanide  during  the  solution  of  the  gold  and  the  slight 
rise  during  its  rapid  precipitation  should  be  noted.  The  rise  was  less 
than  the  fall,  owing  to  coE^tinuous  oxidation. 


8 
HOUBS 

FiouBi  24.— Electrodeposition  results  with  rich  gold  tolatlon.  Solatlon,  21.68  liters, 
containing  32.48  mg.  An  per  100  c.  c.  Six  carbon  comb  anodes;  seventy  (14  gronps 
of  5)  lO-mesh  wire-cloth  cathodes;  total  estimated  surface  area,  between  2  and 
10  square  feet  Rate  of  flow,  8  liters  per  minute  or  480  per  hour;  Telocity  through 
open  box,  46  inches  per  minute ;  through  cathodes,  106. 

The  next  experiment  was  made  with  14  bunches  of  five  cathodes  of 
16-mesh  wire  cloth.  The  total  area  of  these  was'  estimated  to  be 
between  1.57  to  7.85  square  feet.  They  were  gold  coated  from 
previous  use.  Six  carbon  anodes  were  used.  The  solution  contained 
0.205  per  cent  KCy  and  0.1  per  cent  KHO.  The  flow  was  8  liters  per 
minute.    The  solution  at  the  start  contained  16.92  mg.  gold  per  liter, 


90 


ELECTRODEPOSITIOl^  OF  GOLD  AND  SILVEB. 


but  owing  to  bad  contacts,  the  gold  dissolved,  so  that  the  content  i: 
the  solution  increased  to  32.38  mg.  The  ampere-hour  efficiency  unde 
these  conditions  (see  also  fig.  24)  is  shown  in  the  following  table 

Data  shatcing  ampere-hour  efficiency  in  experiment. 


1 

Hour. 

Gold,  mg.  per  liter. 

Number 
of  liters 
treated. 

Gold  pre- 
cipitated, 
grams. 

ATorage 
ampere- 
hours. 

Theoretical 

gold, 

grams. 

hour 

ettidencj, 

percent. 

i 

At  start. 

DiflereDce. 

0 

1 
2 
3 
4 
5 
6 

323.8 

277.9 

213.5 

158.9 

72.4 

5.5 

0.4 

1 

45.9 
64.4 
54.6 
86.5 
66.9 
5.1 

21.68 
21.57 
21.46 
21.35 
21.24 
21.13 

0.9961 
1.3S90 
1.1717 
1.8467 
1.4209 
0.1078 

a45 
.46 
.46 
.496 
.606 
.540 

3.307 
3.382 
3.382 
3.645 
4.447 
3.969 

aaoo 

41.07 
M.65 
60.63 
81.95 
2.73 

The  average  efficiency  for  the  whole  period  is  thus  shown  to  b^ 
31.32  per  cent,  a  result  which  certainly  is  very  satisfactory. 

DEPOSITION  or  GOLD  FBOM  DUiXTTE  SOLUTION  ON  BnSTEI>  ISOl 

CATHODES. 

I 

The  solution  consisted  of  approximately  22  liters  of  0.047  per  c^ 
cyanide,  containing  1.010  mg.  of  gold  per  100  c  c  Seventy  ( 14  sets' 
of  five)  coarse  wire  cathodes  were  used,  the  area  being  between  IS 
and  7.85  square  feet  The  rate  of  flow  was  7  liters  per  minute,  or  4lK' 
liters  per  hour.  The  results  of  this  experiment  are  graphicallv 
shown  in  figure  25. 

The  cathodes  had  been  used  before  and  had  rusted,  with  an  un- 
known amount  of  gold  on  them.  During  the  first  hour,  owing  to 
the  extent  of  the  rusting,  the  gold  stripped  off  the  cathodes  and  the 
content  in  the  solution  increased  to  2.46  mg.  per  100  c.  c.  As  strip- 
ping would  not  occur  in  continuous  practice,  the  analysis  begins 
with  this  content  of  gold  in  the  solution.  At  the  close  of  the  experi- 
ment all  the  cathodes  except  two  were  coated  with  gold,  but  the 
coating  was  irregular,  showing  the  effect  of  the  rust.  Near  the  sur- 
face, where  air  had  access,  the  coating  was  thinner  than  below.  The 
carbon  anode  at  1.6  volts  did  not  show  any  signs  of  corrosion.  The 
ampere-hour  efficiency  attained  in  this  experiment  is  as  follows : 

Data  shotcing  ampere-hour  efficiency  attained. 


Hour. 

Oold,  grams  per  liter. 

Ntunber 
of  liters 
treated. 

Gold  pre- 
cipitated, 
grams. 

Average 
ampere- 
hours. 

Theoretical 
gold, 

Ampere- 
hour 
effldencnr, 
percent. 

At  Start 

Difference. 

0 
1 
2 
3 

4 
5 

0.0246 
.0234 
.0210 
.0075 
.0061 
.0023 

0.0012 
.0024 
.013ft 
.0024 
.0028 

21.68 
21.57 
21.46 
21.35 
21.24 

0.0060 
.0618 
.2000 
.0512 
.0605 

0.52 
.46 
.36 
.34 
.32 

3.824 
3.381 
2.646 
2.409 
2.352 

a68 
1.53 
10.96 
2.06 
2.58 
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This  table  shows  the  detrimental  effect  of  rust  on  iron-wire 
cathodes.  The  gold  that  had  been  previously  deposited  on  the 
cathodes  dissolved  in  spite  of 
the  current.  It  is  possible  that 
oxide  of  iron  had  formed  under 
the  gold  and  insulated  it  from 
the  iron,  thus  enabling  the  gold 
to  redissolve.  The  detrimental 
effect  of  the  rust  continued  dur- 
ing the  next  hour  and  the  am- 
pere-hour efficiency  was  only 
0.68  per  cent.  In  the  next  hour 
it  had  risen  to  1.58  per  cent, 
and  in  the  next  hour  to  10.96 
per  cent.  The  current,  then,  is 
capable  of  curing  the  evil,  and 
for  this  purpose  I  have  devised 
what  I  call  the  "hospital  cell," 
mentioned  on  page  113. 

A  test  which  further  shows 
the  effect  of  rust  upon  cathodes 
is  the  following:  Seventy  (14 
sets  of  five)  gold-coated  rusted 
iron-wire  cathodes  were  used  in 
a  solution  containing  about  1 
mg.  gold  per  100  c.  c,  or  $6.03  a 
ton.  The  cathode  surface  was 
between  1.57  and  7.86  square 
feet.  The  flow  was  7  liters  per 
minute.  The  experiment  was 
begun  with  six  perforated  plati- 
num anodes.  The  pressure  was 
2.5  volts.  The  current  at  first 
was  1.33  amperes,  falling  in 
four  hours  to  0.91  ampere.  The 
gold  on  the  rusted  iron  wires 
dissolved  in  spite  of  the  current. 
The  solution  was  then  made  up 
to  22  liters,  when  it  contained 
4.12  mg.  gold  per  100  c.  c  and 
0.42  per  cent  KCy.  Wh^i  six 
perforated  and  peroxidized-lead 
anodes  were  used  the  voltage  re- 
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FiGUBB  25. — Electrodeposition  results 
with  dilute  gold  solution  on  rusted 
iron-wire  cathodes.  Solution,  21.68 
liters,  contained  0.047  per  cent  KCy, 
0.1  per  cent  KHO,  and  2.46  mg.  Au 
per  100  c.  c.  Seventy  (14  sets  of  five) 
16-mesh  wlre-doth  cathodes ;  estimated 
surface  area,  between  2  and  10  square 
feet.  Rate  of  flow,  7  liters  per  minute, 
or  420  per  hour;  velocity  through 
open  box,  41  inches  per  minute; 
through  cathodes,  91.  No  rise  in  cya- 
nide was  shown. 


Mwifffif  ODcfaaiiged,  bol  iflmcdnuel j  tfae  cnnoit  rose  to  3^65  mmpere^ 

gr^hkaHj  sfaovn  in  figure  36L    Tbe  current  effi- 
foDows: 


The  predpitation  is  at  the  rate  of  about  176  toos  per  day  in  a 
l-Um  box,  much  better  than  that  obtained  by  Siemois  A  TTalskp, 
Moreorer,  this  result  is  evidently  all  that  coold  be  desired,  but  it  was 
aeeomplisfaed  at  the  expense  of  the  ampere-hour  efficioicy.  Of 
eoarae  good  predpitation  is  ritaL  and  is  more  important  than  elec- 
trical efficiency.  This  would  hare  been  higher,  except  for  the  rusted 
condition  of  the  cathodes.  The  great  importance  of  OTercoming  the 
difficulty  from  rusty  cathodes  is  erident.  and  will  be  specially  con- 
sidered later. 

Most  of  these  experiments  with  gold  soluti<His  were  conducted 
at  too  low  a  Tohage  for  rapid  and  complete  precipitaticm.  Low 
voltages  were  purposely  used  to  find  the  lowest  limit  that  would 
give  high  electrical  efficiency  and  satisfactory  r^eneration  of 
cyanide.  With  the  ordinary  gold  solutions  xised  in  mill  practice 
the  cyanide  regeneration  is  so  small  that  it  is  obviously  b^ter  to  nm 
at  a  higher  voltage*  at  least  2.5  volts,  to  insure  rapid  and  compile 
precipitation. 

EXAKPLB  OF  A  GOLD  CXEAH-UP. 

The  next  problem  for  consideration  is  that  of  recovering  the 
gold  deposited  upon  the  iron  wire-cloth  cathodea  Fourteen 
^  bunches  of  five  ^  of  these  cathodes  had  been  coated  witJi  about  14.7 
grams  of  gold  in  the  experiments  just  described. 

Six  flat,  sheet-iron,  graphite-coated  cathodes  were  inserted  in  the 
\}OX  along  with  the  14  cathodes  to  be  stripped  and  now  serving  as 
anodes.  A  0.97  per  cent  potassium  cyanide  solution  was  circulated 
in  the  stripping  box  by  means  of  the  centrifugal  pump.  A  "Nun- 
gessor  "  cell  was  used  to  supply  the  electrolytic  current.  The  voltage, 
which  at  first  was  0.75  volt,  decreased  in  one  hour  to  0.89,  then, 
as  the  stripping  progressed,  gradually  rose  to  0.69  in  six  hours.  The 
gold  was  thus  concentrated  on  both  sides  of  six  sheet-iron  cathodes. 
As  the  film  was  very  thin,  however,  three  of  the  cathodes  were 
made  anodes  and  the  gold  was  all  concentrated  on  three  cathodes 

The  Nungessor  cell  gave  at  first  0.50  volt  and  0.26  ampere.    After 
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being  allowed  to  run  16  hours  over  night,  the  cell  gave  in  the  morn- 
ing a  voltage  of  0.70,  and  the  current  had  fallen  to  0.001  ampere. 
The  three  cathodes  were 

coated   on  both    sides 

with    a    beautiful    clear 
yellow   coat   of   metallic 

gold    which    could    be    ^ 

easily  stripped  from  the 

graphite-coated  iron  in  a     sa 

tough  coherent  film,  the 

gold   thus    recovered    " 

"weighing  6.069  grams. 

The  cyanide  content 

was  reduced  to  0.57  per    gp 

cent  during  this  deposi- 

ti<»i.  » 

The  solution  from  the 

clean-up    box    contained    " 

329.05  mg.  gold  per  100     ' 

c.  c.  (one-third  percent), 

thus  the  1,800  c.  c.  held    „ 

5.923    grams.    Loosely 

adhering  to  the  cathodes    w 

was  some  fine  gold  which 

weighed  130  mg.    Hence    " 

there   was    recovered    in 

sheet  metal,  by  a  voltage 

of    less   than    one    volt,    ], 

6.069  grams  of  dieet  gold 

and  0.130  gram  of  scrap,    u 

The  amount  of  gold  in 

solution  not  precipitated    " 

was  5.923  grams,  making 

a  total  weight  of  12.122 

grams.     Unfortunately     g 

in  starting   the   experi- 
ment part  of   the   rich     i 

solution    was    lost    so 

that    a    check    was    not     ' 

possible. 
Evidently,  to   recover 

all    the    gold    a    higher 

voltage,  say  1.6  or  2.5  volts,  would  have  been  necessary.    Com- 
plete precipitation  and  recovery  of  the  gold  by  electrolysis  could 

be  made  at  any  time.    This  has  been  done  time  and  time  again. 
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SO  there  is  no  doubt  on  that  point.  The  sheets  of  gold  adliering 
to  the  cathodes  obtained  here  are  a  complete  refutation  of  the 
claim  of  Prof.  Neumann  that  recovery  of  the  gold  in  this  manner  is 
mipossible. 

21l 


FiouRB  27. — Resnits  of  silver  electrodeposition  with  cathodes  and 
anodes  horizontal.  One  perforated  sheet-iron  anode.  One  set  of 
five  30-mesh  iron  wire^:Ioth  cathodes,  each  10  by  8.5  cm. ;  total 
area  of  pervious  part,  81  square  cm. ;  area  when  covered  with 
silver  was  indeterminate.  Rate  of  flow,  11  liters  per  minute  or 
660  per  hoar ;  velocity  through  open  box,'  58  inches  per  minute ; 
through  cathodes,  120. 

BECOVEBT  OF  SUVEB  ON  HOBIZONTAL  PEEVIOTTS  CATHODES. 

All  the  electrodes  previously  considered  were  placed  vertically  in 
the  deposition  box.  It  was  now  thought  wise  to  see  what  could  be 
done  in  silver  recovery  by  using  horizontal  pervious  cathodes,  with 
removable  pervious  anodes  above  them.  If  this  arrangement  were 
successful,  a  clean-up  would  be  unnecessary,  for  the  silver  could 
be  scooped  up  with  a  shovel.  Such  a  construction  is  not  so  favorable 
for  deposition  as  the  previous  arrangement,  for  only  one  anode 
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I  one  cathode  can  be  used  in  each  box.  An  anode  can  not  be 
ced  below  the  cathode  on  account  of  interruptions  from  the  gas 
free ;  the  area  could  be  increased,  however,  by  placing  the  shallow 
Ls  in  cascade  one  above  another.    High  voltages  were  used  in  an 
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FiocBB  28. — Results  of  silver  electrodeposltlon  with  single  horizon- 
tal electrolytic  filter.    First  3  hours  a  perforated  plattnuip  plate 
was  used  as  anode;  last  2  hours,  12  turns  of  No.  18  platinum 
wire.     One  set  of  five  SO-mesh  iron  wire-cloth  cathodes,  each  10 
by  8.5  cm.    Rate  of  flow,  10  to  12  liters  per  minute;  velocity 
through  open  box,  53  inches  per  minute ;  through  cathodes,  120. 
Voltage,  22  to  50  volts ;  current,  4.8  to  13.1  amperes,  too  variable 
to  plot.     Room  temperature,  16.5**  C. ;  solution  rose  to  61.5^  C. 
in  5  hours.     Note  parallelism  between  weight  of  silver  deposited 
and  weight  of  cyanide  regenerated. 

ndeavor  to  make  up  for  the  small  cathode  surface.  Very  little 
ilver  was  deposited  on  the  lower  wires  of  the  cathode,  the  up-grow- 
Qg  deposit  of  silver  soon  formed  its  own  pervious  cathode. 

I  used  only  one  bimch  of  five  sheets  of  iron- wire  cloth  placed  hori- 
lontally,  to  serve  as  the  cathode,  and  a  perforated  platinum  sheet  as 
he  anode.  The  solution  was  circulated  by  a  centrifugal  pump  so  that 
t  passed  continuously  down  through  the  anode  and  then  through  the 
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cathode.  The  cathode  was  10  by  8.5  cm.  in  size,  only  81  sq.  cm.  of 
which  was  pervious.  The  voltage,  which  varied,  began  at  about  3 
and  finally  was  raised  to  40  volts.  The  rate  of  flow  was  11  liters  per 
minute,  or  660  liters  per  hour.  The  results  are  shown  in  figure  27. 
At  the  end  of  the  second  hour  the  solution  began  to  have  a  slight 
brownish  cast,  which  gradually  increased,  till  at  last  it  was  dark, 
reddish  brown^  about  like  black-tea  infusion.  Its  temperature  had 
risen  to  37.5®  C.  The  room  temperature  was  20®  C.  At  the  end  of 
the  fifth  hour  8.76  grams  of  Ag  as  KAgCy,  was  added  and  1.3  liters 
of  water  to  make  the  total  volume  up  to  22  liters.  The  silver  was 
deposited  as  a  loose,  gray  sponge  on  the  wire  gauze,  which  was 
coated  only  on  the  top. 

Even  if  boxes  were  separately  arranged  in  cascade  one  over  an- 
other, it  is  probable  that  sufficient  cathode  area  to  render  the  metiiod 
practicable  could  not  be  obtained.  Such  high  voltages  as  were  used 
are,  of  course,  out  of  the  question,  but  the  clean-up  would  be  simple 
(the  sponge  was  a  beautiful,  feltlike  network,  pervious  to  the 
solution).  All  that  would  be  necessary  in  practice  would  be  to  re- 
move the  silver  with  a  shovel. 

EXPEBIUENT  WITH  A  HOBIZONTAL  ELECTBOLTTIC  FTLTES. 

An  experiment  was  made  with  a  horizontal  electrolytic  filter.  In 
this  apparatus  the  anode,  of  perforated  platinum,  was  at  the  top. 
After  three  hours,  12  turns  of  No.  18  platinum  wire  were  used.  The 
cathodes  were  of  wire  cloth  such  as  had  been  used  previously,  and 
were  each  10  by  8.5  cm.  in  dimension.  The  solution,  22  liters,  con- 
tained 0.211  per  cent  KCy  and  0.1  per  cent  KHO.  The  flow  was  at 
the  rate  of  10  to  12  liters  per  minute.  The  results  are  shown  in 
figure  28. 

At  the  end  of  the  second  hour  the  experiment  was  temporarily 
stopped,  and  the  cathodes  were  removed  during  the  noon  hour  at 
that  time.  At  the  end  of  the  third  hour  the  perforated  platinum 
sheet  was  removed  and  replaced  with  a  platinum  wire  anode.  This 
wire  anode  allowed  a  better  escape  of  the  gas  from  the  anode  and 
gave  a  stronger  current  at  a  lower  voltage.  The  ampere-hour  effi- 
ciency ds  shown  in  the  following  table: 

Data  showing  ampere-hour  efficiency  in  experiment  with  horizontal  filter. 


Hour. 

SUver  content,  mg. 
per  liter. 

Number 
of  liters 
treated. 

Silver  pre- 
cipitated, 
grams. 

Ampere- 
hours. 

Theoretical 
silver, 
grams. 

Ampere 

hour 
efficiency. 

At  start. 

Dillerenoe. 

0 
1 
3 
3 
4 
5 

1138.4 

683.5 

253.5 

86.2 

25.0 

6.8 

454.9 

430.0 

167.8 

61.2 

18.2 

21.79 
21.68 
21.67 
21.46 
21.35 

9.816 
9.332 
8.609 
1.313 
0.382 

11.0 
11.2 
11.8 
13.1 
13.0 

44.270 
45.060 
45.480 
52.724 
52.324 

22.17 

20.70 

7.94 

2.47 

0.78 
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The  ampere-hour  efficiency  was  high  notwithstanding  the  waste- 
fuUy  high  Toltage  used;  it  averaged  10.19  per  cent  for  the  entire 
period.  Such  high  efficiency  would  have  been  impossible  except  for 
the  rapid  circulation.  The  metal  came  down  as  a  beautiful  white, 
porous  layer  of  spongy  silver,  J  inch  thick,  of  such  quality  as  to  per- 
mit it  to  be  scooped  up  with  a  shovel.  This  might  be  a  convenient 
modification  of  the  clean-up  box,  but  some  material  for  the  "  cathode- 
anodes  "  would  have  to  be  used  that  would  not  be  corroded  after  the 
current  were  stopped — excelsior  charcoal,  for  instance. 

BEGENERATION  OP  CYANIDE. 

During  the  first  three  hours  there  was  a  remarkable  regeneration 
of  cyanide,  as  is  shown  in  the  following  table : 

Data  showing  regeneration  of  cyanide. 


Hour. 

KCy 

content. 

Increase. 

Volume 
treated. 

KCy  re- 
generated. 

0 

1 

2 

3 

4 

5 

Percent. 
0.210 
.265 
.313 
.332 
.329 
.320 

Per  cent. 

LUtrs. 

Oranu. 

+0.055 

+  .048 

+  .019 

•-  .003 

«-  .009 

21.79 
21168 
21.57 
21.46 
21.35 

+11.593 

+ia406 

+  4.098 

a-    .644 

«-  1.922 

a  Loss. 

The  total  number  of  grams  regenerated  in  three  hours  is  seen  to 
have  been  26.097.  The  ratio  of  cyanide  regenerated  to  the  silver  pre- 
cipitated was  as  follows: 

Weight  of  KCy_  11.593_.,  ,«, 
Weight  of  Ag.  ^  9.816      * 

10.406 


Firat  hour. 


Second  hour. 


Third  hour. 


Suppose  that  for  each  gram-atom  of  silver  precipitated  (molecular 
weight,  108),  two  gram-molecules  of  KCy  (molecular  weight,  130) 
were  regenerated ;  then  for  each  gram  of  silver  1.2037  grams  of  KCy 
would  be  regenerated  at  the  cathode.  In  this  experiment  conditions 
were  more  favorable  for  reduction  at  the  cathode  than  for  oxida- 
tion at  the  anode,  and  the  highest  ratio  attained  was  very  nearly, 
but  not  quite,  the  maximum  that  would  have  been  possible  had  there 
been  no  oxidation  at  the  anode.  It  would  seem,  then,  either  that 
the  great  current  density  at  the  anode  tended  to  prevent  oxidation, 
or  that  the  lesser  density  at  the  cathode  favored  reduction  of  the 
cyanate  formed  at  the  anode.  Probably  both  tendencies  acted  to- 
gether to  produce  this  favorable  result. 

55372^— Bull.  150—19 7 
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I 

lirODEB. 

"  Oh,  for  an  anode !"  There  is  no  one  who  has  done  much  eledTo 
lytic  work  who  has  not  uttered  this  exclamation  from  th©  bottoa 
of  his  0oul. 

SOLUBLE   ANODES. 

The  idea  of  using  soluble  anodes  so  as  to  avail  one^s  self  of  th 
solution  energy  of  the  soluble  anode  is  at  first  thought  a  perfect!] 
natural  one,  but  on  working  over  the  field^  only  two  soluble  metai^ 
are  available,  zinc  and  aluminum.  Logically,  iron  may  be  consid 
ered  as  a  soluble  anode ;  but  for  convenience,  anodes  of  iron  are  dis- 
cussed under  the  heading  "  Insoluble  Anodes  "  (pp.  98  to  108). 

ZINC  AND  ALUMINUM. 

If  commercial  zinc  is  used  as  an  anode,  the  gold  and  the  silica 
are  precipitated  on  the  anode  by  local  action,  even  more  than  on  thi 
cathode.  Hence  both  anode  and  cathode  have  to  be  cleaned.  T4 
prevent  local  action  on  the  anode,  the  use  of  amalgamated  zinc  p\m 
for  anodes  has  been  proposed  by  Croasdale.<>  But  unless  the  anodei 
are  made  very  thick  and  heavy  and  expensive,  they  become  brittk 
when  amalgamated  and  fall  to  pieces.  The  large  area  necessary  ii 
treating  dilute  gold  solutions  is  hard  to  obtain.  The  same  objectioi^ 
apply  with  even  greater  force  to  the  use  of  soluble  aluminum  anodes 
Difficulties  of  ore  leaching,  caused  from  the  gelatinous  hydrate  ol 
aluminum,  are  further  complications,  and  quicksilver  rots  aluminud 
plates  even  more  fatally  than  zinc.  . 

I  think  it  is  safe  to  take  the  position  that  if  zinc  or  aluminuia 
are  to  be  used  to  precipitate  gold  or  silver  from  cyanide  solutions 
they  should  be  used  alone  and  without  external  electricity,  as  tta 
combination  of  these  metals  with  applied  electric  energy  does  nd 
seem  to  be  a  happy  one. 

INSOLUBLE   ANODES. 

Insoluble  anodes,  of  course,  add  no  energy  to  the  bath,  and  otn 
an  increased  resistance  to  the  current  owing  to  polarization  effects 
Nevertheless  in  treating  ore  solutions  such  anodes  would  be  better  thii 
soluble  ones  if  they  really  could  be  obtained  absolutely  insolubk 
and  permanent  in  daily  use. 

PLATINUM. 

Platinimi,  if  it  were  cheap,  would  solve  most  of  the  problems: 
but  except  for  experimental  work  and  for  certain  rare  uses  its  higi 
cost  puts  it  entirely  out  of  the  question. 

•  Croasdale.  Stuart,  Electrolytic  precipitation  of  gold  from  cyanide  solatlons :  Eng.  til 
Hln.  Jour.,  Dec  12,  1896,  yoL  62,  pp.  557-558. 
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HARD  CABBON. 

Hard  electric-light  carbon  serves  admirably  in  cyanide  solutions 
Tvhen  the  voltage  is  kept  below  that  at  which  water  is  decomposed. 
But  this  point  is  so  low  (1.48  volts)  that  it  is  below  the  voltage' 
necessary  to  use  in  practice.  At  higher  voltages  the  carbon  is  slowly 
acted  upon,  and  the  solution  becomes  colored  like  weak  tea.  I  have 
found,  however,  by  repeated  experiments  that  even  when  darkly 
colored  such  cyanide  solution,  when  aerated,  will  dissolve  gold  as 
freely  as  fresh  cyanide  solution  of  equal  strength.  This  form  of 
carbon  resists  the  chlorides  very  well  but  soon  succumbs  to  alkaline 
sulphates,  which  are  sure  to  be  present  in  cyanide  solutions  after 
treating  sulphide  ores  and  must  be  reckoned  with.  I  have  tried  to 
increase  the  resistance  of  this  form  of  carbon  by  boiling  for  several 
days  in  vaseline  or  paraflSn  the  anodes  made  of  it,  in  order  to  confine 
corrosive  action  to  the  surface,  but  these  efforts  have  been  without 
success. 

ACHESON   GRAPHTTE. 

Graphite  anodes,  as  produced  by  Acheson,  of  Niagara  Falls,  in 
the  electric  furnace,  are  a  great  improvement  on  the  ordinary  hard 
carbon.  The  substance  is  a  better  conductor  than  ordinary  carbon 
and  is  much  more  resistant,  but  in  practice  it,  too,  fails  when  used 
with  solutions  containing  soluble  sulphates.  As  already  mentioned 
in  the  experience  with  Acheson  graphite  anodes  in  the  Oliver  process, 
at  the  North  Star  mine,  as  long  as  the  process  was  confined  to  the 
treatment  of  solutions  coming  from  sands  that  contained  very  little 
sulphate,  the  anodes  stood  up  very  well,  but  as  soon  as  solutions  com- 
ing from  the  concentrated  sulphides  were  treated,  the  abundant  sul- 
phates soon  reached  the  weak  points  of  the  anodes  and  they  disinte- 
grated finally  into  a  soft  black  mud.  This  failure  was  one  of  the 
causes  that  led  to  the  abandonment  of  the  entire  process.  The  ease 
with  which  the  Acheson  graphite  can  be  machined  in  a  lathe  and 
built  up  into  many  forms  is  a  great  advantage.  I  have  used  it  in  my 
experiments  in  the  form  of  "comb  anodes."  These  are  made  by 
*icrewing  four  f -inch  graphite  rods,  so  as  to  project  4^  inches,  into  the 
rectangular  block  or  base  bar,  also  of  graphite.  Such  anodes  are 
rather  brittle  and  have  to  be  handled  carefully,  but  if  sulphate  solu- 
tions are  avoided  they  will  last  for  years.  There  is  never  any  doubt 
as  to  the  security  of  the  connections.  I  usually  solder  a  copper  wire 
to  a  brass  ring,  which  tightly  fits  around  one  of  the  projecting  rods ; 
then  the  anode  requires  no  further  attention,  except  to  avoid  drop- 
ping it.  Enough  has  been  said  to  show  that  the  Acheson  graphite 
anode  can  not  be  said  to  solve  the  entire  problem. 
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,     PEROXIDIZED-LEAD  ANODES. 

The  discovery  by  Andreoli  that'  peroxidized-lead  anodes  could  be 
used  in  cyanide  solutions  has  been  of  great  value  to  the  art.  It  does 
not  seem  to  be  a  matter  of  indifference  how  these  anodes  are  pre- 
pared. It  would  seem  as  if  those  prepared  either  as  is  dpne  by  Mr. 
Butters — ^namely,  by  scratching  the  surface  with  a  stiff  brush  and 
then  making  them  anodes  in  a  1  per  cent  solution  of  permanganate 
of  potassium  for  at  least  one  hour,  employing  a  current  density  of 
1  ampere  per  square  foot  of  anode— or  else  by  making  them  first 
for  a  short  time  cathodes  and  then  anodes  in  a  caustic  potash  solu- 
tion containing  peroxide  of  lead,  give  better  results  with  cyanides 
than  those  peroxidized  in  sulphuric  acid.  However,  it  is  not  abso- 
lutely certain  which  is  the  better  way,  as  enough  work  has  not  been 
done  on  the  subject. 

Well  prepared,  these  anodes  last  about  a  year.  Sooner  or  later 
they  begin  to  show  white,  downy,  fungus-like  growths  that  fonh 
usually  in  vertical  streaks,  which  extend  up  and  down  the  plate. 
If  these  growths  are  cleaned  away,  naked  lead  is  seen  to  have  been 
exposed  to  corroaon.  "  Local  action  "  has  started  and  deep  depres- 
sions are  formed  in  the  plate,  which  soon  disintegrates.  Prof.  Kerns 
says  that  these  white  formations  are  composed  of  the  hydrate  of  lead. 
That  they  often  contain  lead  cyanide  I  have  proved  by  the  following 
experiment. 

Some  of  the  white  formation  was  washed  by  decantation  till  the 
washings  failed  to  give  any  reaction  for  cyanide  of  potassium.  The 
residue  was  then  placed  in  a  flask,  acidified  with  sulphuric  acid,  and 
air  was  blown  through  the  mixture  and  allowed  to  bubble  through  a 
1  per  cent  solution  of  caustic  potash.  In  a  short  time  a  distinct 
reaction  was  obtainable  for  cyanide  in  the  alkaline  solution. 

It  would  appear  that  the  substance  is  a  varying  mixture  of  hy- 
drate, carbonate,  and  cyanide  of  lead.  In  time  such  a  growth  some- 
times becomes  slightly  peroxidized  on  the  surface,  but  once  it  has 
started,  eats  like  a  cancer  through  the  plate.  Prof.  Keams  suggests 
that  the  cause  of  these  growths  starting  is  the  porosity  of  the  per- 
oxide film.  This  is  most  likely;  but  I  have  seen  growths  start  on 
thick  coatings  where  the  occurrence  of  pores  was  unlikely.  Seem- 
ingly a  frequent  cause  may  be  the  cracking  of  the  rather  brittle 
oxide  when  the  plastic  lead  beneath  it  is  bent.  The  films  on  these 
long  lead  strips  may  be  easily  cracked  by  bending  of  the  sheets  as 
they  hang  loose  in  the  bath,  and  particularly  by  their  being  handled. 

Another  possibility  is  that  under  certain,  but  as  yet  unknown  con- 
ditions of  current  density  (accidental  short  circuits,  perhaps)  and 
temperature,  the  anion  AuCyj  or  its  components  AuCy  and  Cy  may 
act  as  reducing  agents  on  the  PbO,,  thus  exposing  naked  lead  to  the 
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action  of  the  current.  A  similar  reaction  was  encountered  when  I 
once  tried  to  dry  out  a  mixture  of  PbOj  and  glycerin  on  the  steam 
bath.  The  mixture  was  decomposed  with  almost  explosive  violence 
and  abundant  minute  shots  of  metallic  lead  were  reduced  from  the 
mixture. 

The  flat  shape  of  the  ordinary  sheet  anode  renders  it  peculiarly 
sensitive  to  a  rupture  of  the  protecting  surface  by  bending.  In  order 
to  meet  this  difficulty  I  have  devised  an  improved  anode  (U.  S.  pat- 
ent No.  883170j  Mar.  31,  1908). 

For  this  purpose  I  construct  a  frame  of  wood,  shown  in  vertical 
lon^tudinal  section  at  A,  and  in  vertical  cross  section  at  B,  in  figure 
29.  If  the  wooden  frame,  a,  is  made  large  it  should  be  strengthened 
by  horizontal  cross  bars  b.  Strips  of  lead  wire,  c,  one-eighth  to  one- 
fourth  of  an  inch  thick,  and  of  cylindrical  form  are  drawn  through 
suitable  holes  bored  in  the  horizontal  bars  of  the  frame,  spaced  one- 
half  to  one  inch  or  more, 
thus  stretching  the  lead 
wires,  like  the  wires  of  a 
harp,  alternately  up  and 
down  through  the  frame. 
The  wires  are  connected  on 
the  top  by  a  lead  bus  bar,  d, 
large  enough  to  carry  the 
total  electric  current,  the 
individual  wires  being  so 
proportioned   as  to   carry 

their  part  of  the  electric  p,„„^,  2fl._Anode  frame  designed  to  7«Te,.t 
current,    which    they    must         beodlos  ot  metaL     a.  vertical  lansitudlnal  Bee- 

do  without  overheating.    I       ,';.»;^;;  .rt^rri-rXS  ."..St" 

prefer  to  protect  the  wood  bar;  e,  copp«r  wire  coDoecUoD  to  bug  bar. 

from  the  solution  by  paint- 
ing it  with  the  so-called  **  P  &  B  "  paraffin  paint  or  some  other 
similar  substance.  The  bottoms  of  the  lead  wires  are  kept 
from  touching  the  bottom  of  the  box  by  placing  them  in  a 
groove  in  the  lower  horizontal  cross  bar.  Where  the  wires  pass 
over  the  lead  bus  bar  at  the  top  they  are  secured  to  the  bus  bar,  pref- 
erably by  the  process  of  lead  burning  rather  than  soldering,  al- 
though soldering  may  be  used  if  necessary.  The  end  of  the  bus 
bar  is  connected  at  e  with  a  copper  wire,  which  connects  with  the 
main  bus  bar  or  the  conductor  introducing  the  positive  current. 
After  the  anodes  are  thus  constructed,  the  lead  wires  are  prepared 
as  follows: 

In  order  to  get  a  clean  metallic  surface  on  the  outside  of  the 
wires  free  from  all  insulating  substances,  I  connect  the  wire  with 
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the  negative  pole  of  a  suitable  source  of  electrical  energy,  making 
the  lead  wires  cathodes  for  a  short  time  in  a  solution  of  plumbate 
of  soda.  Any  oxide  or  carbonate  or  hydrate  that  may  have  been 
formed  on  the  outside  of  the  lead  wires  becomes  thus  reduced  to  the 
metallic  state,  and  an  even  surface  is  produced  on  the  outside  of  the 
wire  of  lead.  Without  waiting  for  the  film  to  oxidize  in  any  way, 
the  electric  current  is  immediately  reversed  and  the  lead  wires  are 
made  anodes  in  the  same  solution  and  are  kept  there  until  a  firm, 
adherent,  dark  chocolate  brown  coating  of  peroxide  of  lead  forms 
over  every  portion  of  the  wire  exposed  to  the  action  of  the  current. 
When  this  coating  is  of  sufficient  thickness  to  protect  the  wire,  it 
forms  a  cylindrical  film  or  tube  of  firmly  adherent  peroxide  of  lead. 
The  anodes  are  then  ready  to  be  inserted  into  the  bath  of  copper 
sulphate,  cyanide  of  gold  or  of  silver,  or  other  solution  to  be  treated, 
to  act  as  pervious  peroxidized-lead  anodes.  These  peroxide-coated 
lead  wires  may  also  be  replaced  by  solid  rods  of  lead  peroxide  simi- 
larly arranged  in  a  suitable  frame. 

Solid  rods  of  peroxide  of  lead  are  not  so  good  conductors  as  those 
with  a  lead  core,  hence  they  have  to  be  made  larger  in  section  to 
carry  the  sam©  current.  They  are,  however,  more  durable.  The 
wooden  frame  serves  to  protect  the  anode  rods  both  from  deforma- 
tion and  from  destruction  by  short  circuits.  The  tube-like  coating 
of  PbOg  upon  the  lead  wires  is  less  likely  to  scale  than  the  coating 
on  flat  moving  sheets.  With  sheets  the  slightest  deformation  is  likely 
to  cause  the  coating  to  scale.  The  wire  anodes  thus  described  expose 
less  surface  to  the  bath  than  the  flat  anodes.  They  thus  give  a 
lower  oxidizing  effect,  an  advantage  which  is  highly  desirable  in 
treating  cyanide  solutions. 

It  is  hard  to  obtain  data  on  the  conductivity  of  lead  peroxide. 

Landolt  and  Bomstein®  give  the  following  for  "hydrated   lead 

peroxide" : 

Conductivity  of  "  hydrated-lead  peroxide.** 

Conductivity,  per  c.  c.     Resistance,  ohms  per  c.  c 
0.163  6.13  (Shields) 

4.68  0.214  (Weyde) 

With  1.5  per  cent  H,0 335.00  0.00298  (Ferchland) 

Presseti  powder 0.435  2.3  (Shelntz) 

The  conductivity  of  lead,  at  ordinary  temperatures  is  given  at 
1.90x10*  to  5.35X10*  per  cubic  centimeter,  or  the  resistance  varies 
fi-om  5.02X10-'  to  1.87X10-'  ohms. 

SHEET-IRON  ANODES.     • 

As  already  remarked,  logically  sheet-iron  anodes  should  be  classi- 
fied under  "  Soluble  anodes,"  but  it  is  more  convenient  to  discuss 


«  Landolt,  H.  H.,  Landolt-B5rD8tein  Physikalisch-chemische  Tabellen,  8d  ed.,   190.*),  p. 
723. 
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them  here.  Sheet-iron  anodes  were  used  first  by  Siemens.  It  is  well 
known  that  with  a  weak  current  the  iron  combines  with  the  cyanide 
and  cyanogen  to  form  potassium  ferrocyanide,  which  forms,  with 
various  iron  oxides,  Prussian  blue  and  other  compounds.  If  the  cur- 
rent is  of  a  certain  density  a  protecting  oxide  coating  forms  on  the 
anode,  from  the  oxygen  set  free  there,  and  the  anode  lasts  very 
well.  But  if  there  are  chlorides  in  the  solution,  the  iron  salt  of  this 
acid  forms  at  the  anodes  and  is  secondarily  decomposed  by  the 
alkaline  solution,  forming  at  last  hard,  warty  crusts  of  ferric  hydrate 
several  inches  thick.  Sulphates  seem  to  be  nearly  as  harmless,  but 
chlorides  which  are  harmless  to  carbon  are  fatal  to  iron  anodes. 

These  crusts  increase  the  electrical  resistance.  Moreover,  they 
contain  considerable  cyanide  of  gold,  which  has  traveled  to  the 
anode  and  become  entangled,  making  an  objectionable  residue  that 
is  hard  to  treat.  Also,  the  cost  of  the  quantity  of  iron  thus  de- 
stroyed, amounting  in  large-scale  work  to  many  tons,  is  considerable. 

"  PASSIVE  IROX  "  ANODES. 

The  well-known  but  ebisive  substance  known  as  "passini  iron" 
was  first  suggested  as  an  anode  in  cyanide  solutions  by  Hittorf  ,^  and 
it  has  been  again  proposed  by  Kern*  as  a  cure  for  the  trouble  above 
described.    For  the  purpose  he  treated  the  metal  as  follows : 

The  iron  anodes  were  rendered  passive  by  first  "  removing  grease 
by  digesting  them  in  hot  caustic  soda  solution,  rinsing  in  water,  then 
putting  them  into  a  dilute  solution  of  mixed  sulphuric  and  hydro- 
chloric acids  in  order  to  remove  all  oxide,  washing  with  clean  water, 
thoroughly  drying,  and  finally  placing  them  in  concentrated  nitric 
acid  and  allowing  them  to  remain  for  about  two  hours.  By  this 
treatment  the  iron  plates  were  coated  with  a  film  of  magnetic  oxide 
(Fe,04).  On  removing  the  plates  from  the  concentrated  nitric  acid 
they  were  immediately  washed  with  clean  water  and  thoroughly 
dried  to  prevent  the  formation  of  ferric  oxide  (FcjOa)."  The  man- 
ner of  drying  is  not  mentioned.  It  is  an  important  omission  in  such 
a  delicate  operation.  Kern  expresses  great  satisfaction  with  the 
"  passive  iron  anodes,"  but  the  experiments  he  describes  only  lasted 
a  couple  of  hours,  and  he  does  not  seem  to  have  tried  the  effect  of 
NaCl  and  Na2S04.  Long  experience  shows  that  the  conditions  gov- 
erning "passive  iron"  are  too  uncertain  and  too  little  understood 
to  pin  much  faith  to  anodes  so  constructed.  I  have  been  unable  to 
find  any  of  the  many  directions  for  producing  them  to  give  a  result 
that  would  make  a  permanent  anode  that  would  stand  up  with 

•  Hittorf,  W.,  liber  pasBivitAt  der  Metalle :  Ztschr.  Phys.  Chemle.  6d.  34,  1900,  p.  895. 

*  Kern,  E.  F.,  Electrolysis  of  cyanide  solutions :  Trans.  Am.  Blectrochem.  Soc.,  vol.  24, 
1918,  pp.  241-270. 


l]*t  HijirEaoDCPJecErtijr  ^9-  ♦^:)cd-  a3t>  sel' 


•rTwixiiB^  ^airiTtoiinK  confe&ininc  ^dJionies  Tsiier  tfiiBwr  «f  t&rce  or  four 
viihst  :MnL  iHifi  bcuk  «£ifwiL    Fecra  ^.jniniCe  ami  PtoaaaK  blue  sooq 

If  jHOffi  ^ouk  uttshiiii  <^iilii  ti«  p«r&«:Kii  ic  w*}i£ii  be  <3<  dhr  greatest 
graiTCini^  otiliiiT^  not  <BaI:T  br  ciJKtrvCK^abai.  bos  hl  aJI  the  oAer  in-    i 
iffitismil  iBK^  if  iroK.    1^  armstfarutijfl:  ci  *^piiKvr  !?«'*  has  or-    ! 
.mpiiRt  i;iA  f*»""<^*f^  of  miULjr  ;icaf>  hbhl  $^r  tou^  hot  Ufecre  is  no 
jEHBwni  jttLiiuimtt  a»  3i  iias-  canar  *zi  ^nit  TitwuT—ffiiaL  I  ■»  At  |rfiinl 
md^TsnilT:.    If  1:00-  naaat  wve^  «flutt-  scviy  astidiai  mmmt  practial 
auAOiHts  niimiiL  lamA^tt  ■ih^i-:^V  pftfOJL    Bnc  "^w^ftav*  AoctcMns  dis- 
;igcaR  wtiu  sulX  ^scint^  "^    T^  Tttfiams  iiBmLZ.jr  itnunhs,  and  tint    i 
o^  wnac  jugraiii  3>  :;iift  '^'TiftiBr^^  iz^^-aL*^  jjxi.Hin^  w^mb^  iA  i&  f«l  to  prac- 


JLa.  anunsdur  i^^mrtfismn:  <n£  san^  nsBrnrrr  .7^  mctafe  was  hrid 
SuFflmbiHr  HL.  I^IJ*.  n.  JLamhiiL  rj  siit  Fsr^fcifiy  Siiiiritr*    The  dis- 

•in*  a»i  ^'iiri«L  71  ~i«  f i^^^irfti  :x  t  mir^  laiwrT.   Tint  ^liiemt 

iM  sQonH  Ti  nirtintf  ti  iumtf  i^u-o.  Tifv^  ij.'iis^  iiiaii  MBnnai 

^Ti'i   7M -rail  J  a  rmiiiirr-iiic  rKar.rjfii&.  liu  lauaipnir  ruii-  id 

m  fir  ^tf  TTirinuf  ±ifit*:^ir*,    TTutr^  ic^  ft.r«t  ic  inur  3]iiic.:&{ae9aa5  of 


IT*:  t:  i^  aa  laanin    a*-  it*ain»     ^v<nn  "*>?%.  nHatii  la.  is.  mm. 

linger.   T;.   I3iK  diE  TlMtuicl:  Jtm:  iJbKtalh     2^j»jar:    ITn^.    ^iMiti    »L  M  XNNL 


ANODES.  105 

lydrates  and  other  compounds.  Iron  boiled  in  paraffin  was  similarly 
ittacked.  Electric-light  carbon  which  had  been  boiled  in  paraffin  to 
ill  the  pores  was  at  eight  volts  disintegrated  on  the  surface  into  a 
dudge. 

On  July  7,  1900,  I  conducted  an  experiment  with  a  0.5  per  cent 
cyanide  solution  containing  gold  and  silver  as  cyanides  and  1.5  per 
!ent  common  salt.  For  the  anode  I  used  a  small  ornamental  cast- 
ron  scroll  that  had  been  well  coated  with  a  magnetic  iron  coating 
)y  the  Bower-Barff  process.  Four  volts  gave  a  current  of  0.100  am- 
pere, with  a  wetted  area  of  about  10  square  inches.  After  3^  hours 
:he  current  had  risen  to  0.250  ampere.  Red  hydrate  of  iron,  but  no 
Prussian  blue,  had  formed  on  each  of  the  little  spots  where  the  pro- 
:ective  covering  had  scaled  off.  The  main  body  of  the  coating  did 
aot  appear  to  have  been  attacked  in  the  least.  The  scroll  has  since 
lain  around  the  laboratory  and  been  exposed  to  various  atmospheric 
conditions  without  further  change,  which  goes  to  show  how  ener- 
getic anodic  oxidation  is,  particularly  when  assisted  by  a  little  salt. 

Tv^o  days  after  making  the  test  above  described  I  took  a  wire  nail 
about  one-eighth  inch  thick  and  heated  it  to  redness  till  it  acquired  a 
uniform  coat  of  scale.    When  cold  this  proved  to  be  a  fairly  good  con- 
ductor.   I  made  the  nail  an  anode  in  a  bath  of  200  c  c.  of  0.5  per  cent 
KCy  solution,  containing  KAgCya,  to  which  20  c.  c.  of  a  saturated 
solution  of  NaCl  had  been  added.    The  nail  was  immersed  about 
3  inches.    At  2  volts  it  permitted  the  passage  of  a  current  of  0.001 
to  O.002  ampere,  and  was  very  little  acted  on  except  at  the  point.    I 
allowed  the  current  to  rim  over  night  and  found  in  the  morning  that 
it  had  risen  to  0.100  ampere.    A  large  quantity  of  a  greenish-yellow 
slime  had  formed  and  settled  out.    The  nail  was  half  eaten  through 
at  the  end  and  near  the  middle,  but  otherwise  the  black  magnetic 
coating  was  intact.    When  the  slimy  hydrates  were  removed,  the  part 
eaten  out  below  the  slime  was  bright  and  white  like  silver.    Evi- 
dently where  the  coating  was  intact  it  protected  the  iron  from  attack, 
but  wherever  there  was  a  defect  in  the  coating  the  iron  was  corroded 
rapidly,  evidently  forming  a  short-circuit  couple  between  the  iron 
and  the  oxide  coating,  which  had  made  the  corrosion  more  active  on 
account  of  the  "  local  action."    I  have  experimented  in  this  direction 
and  have  had  hopes  of  working  out  a  method  that  will  give  a  firm 
coherent  coating  of  magnetite  on  cylindrical  iron  rods,  enabling  the 
construction  of  a  grid  anode  coated  with  magnetic  oxide  of  iron 
similar  to  Uie  grid  anode  of  peroxide  of  lead. 

Evidently  in  the  two  tests  cited  the  "passivity"  was  due  to  an 
oxide  film,  and  the  explanation  suggested  by  Faraday  holds  good. 
Films  so  formed  are  not  necessarily  of  Fe304,  as  assumed  by  Prof. 
Kern,  but  seem  to  be  mixtures  of  FeO  and  FegOa  ^^  varying  propor- 
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tions.  There  is  more  of  the  F^aOg  on  the  outside  and  more  FeO 
on  the  inside.  The  fihns  are  usually  magnetic.  The  least  defect  in 
the  rather  brittle  coating  exposes  the  interior  and  corrosion  ensues  in 
a  way  similar  to  that  of  iron  poorly  electroplated  with  copper.  The 
iron  rusts  rapidly,  even  under  the  copper  coating,  and  scales  worse 
than  does  the  magnetic  coating.  If  the  magnetic  coating  is  thick, 
it  chips  very  easily,  but  if  it  is  thin  it  seems  to  be  porous.  These 
def eqts  are  recognized  by  the  Bower-Barff  concern,  which  always  dips 
thin  light-coated  grill  work  for  interiors  in  melted  paraffin  to  fill  the 
pores  in  the  coating.  Whether  a  durable  coating  of  this  oxide  can 
be  obtained  for  anodes  subject  to  bending  and  warping  in  handling  is 
open  to  doubt. 

The  failure  of  iron  anodes  made  "  passive  "  in  strong  nitric  acids, 
or  by  anodic  polarization  in  alkaline  oxidizing  agents,  may  be  due 
also  to  porosity.  The  film,  or  whatever  the  protecting  condition  is, 
appears  to  be  too  delicate  for  practical  use.  Grave  <»  claims  that  the 
pure  iron  is  passive  but  the  presence  of  hydrogen  ions  destroys  this 
passivity.  The  "passive"  state  created  by  acid  treatments  is  evi- 
dently too  unstable  to  serve  as  the  base  of  any  industrial  method  in 
the  present  state  of  knowledge,  but  the  importance  of  the  subject 
warrants  further  research. 

ANODES  OF  MAGNETTTE. 

Henry  Blackman  (U.  S.  patent  568231,  Sept.  22,  1896)  claims  the 
use  of  electrically  conductive  anodes  of  iron  oxide  in  a  dense  imper- 
meable mass.  He  specifies  the  use  of  magnetite  or  ilmenite  cut  from 
a  slab  of  the  mineral,  which  would  be  a  difficult  task.  He  specifies 
also  the  agglomeration  of  grains  of  these  minerals  by  tar  or  sugar 
or  by  means  of  suitable  fluxes.  This,  of  course,  is  objectionable  as  the 
binder  yields  and  also  acts  as  an  insulating  agent. 

I  have  tried  a  pervious  mass  of  loose  magnetite  grains  held  in  a 
box  with  cheesecloth  sides,  but  the  mineral  in  this  shape  is  neither 
sufficiently  pervious  to  the  solution  nor  of  sufficient  conductivity. 

Heinrich  Specketer  (U.  S.  patent  931513,  Aug.  7,  1909)  claims  the 
use  of  anodes  cast  in  rods  from  molten  magnetite.  He  fuses  Fe^O,, 
which  changes  on  melting  into  Fe804  with  a  slight  excess  of  FeO, 
the  latter  crystallizing  in  a  different  system  from  the  magnetite  and 
causing  it  to  disintegrate.  This  oxide  is  removed  by  adding  a  small 
amount  of  finely  pulverized  FejOg  to  the  melt  just  before  pouring 
into  the  molds.  The  mass  solidifies  on  the  outside  first  and  the 
molten  interior  can  be  poured  out,  leaving  a  hollow  tube  which  can 
be  electroplated  with  metal  on  the  inside,  to  make  it  a  better  con- 

"  Grave,  Ernst.  Neae  Fntersnchungen  liber  die  Passlvitat  von  Metallen :  Ztschr.  Pbjt, 
Cliem.,  Bd.  77,  1011,  pp.  518-576. 
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iuctpr,  or  a  rod  of  iron,  copper,  or  nickel  can  be  inserted  in  the  still 
plastic  interior.  This  patent  has  been  assigned  to  the  Chemische 
Fabrik  Griesheim  Electron,  of  Frankfort,  Germany.  The  firm  has 
undertaken  its  manufacture. 

A  part  of  one  of  these  anodes,  broken  from  a  larger  part,  was 
sent  me  by  Mr.  Haigh,  president  of  the  Moore  Filter  Co.  It  was 
formerly  used  in  connection  with  the  Clancy  process.  The  piece  is  of 
El  uniform,  bluish-black  color,  is  about  10  inches  long  by  five-eighths 
inch  in  diameter,  and  is  cylindrical.  An  inch  and  a  half  near  the 
top  has  been  electroplated  with  copper  to  facilitate  making  contact. 
The  coating  is  thin  and  has  partly  scaled  off. 

I  have  used  this  specimen  as  an  anode  in  a  0.2  per  cent  cyanide 
solution  without  sodium  chloride  and  sodiiun  sulphate,  with  1  per 
cent  sodium  chloride  in  one  experiment,  and  with  1  per  cent  sodium 
sulphate  in  another,  employing  4  volts,  without  the  slightest  apparent 
formation  of  either  ferrous  hydrate  or  Prussian  blue,  and  without 
any  change  of  appearance  either  of  the  anode  or  the  solution.  I  did 
not  use  the  anode  for  any  great  length  of  time,  but  it  appears  to  be 
very  durable.  The  outer  cast  surface  is  a  deep  bluish  black,  almost 
like  velvet,  but  the  fractured  surface  is  rather  bright  and  crystal- 
line, like  fractured  magnetite.  The  material  has  the  disadvantage  of 
being  brittle,  but  is  much  less  so  than  Acheson  graphite.  •  The  mag- 
netic anode  is  not  as  good  a  conductor  as  the  graphite,  but  is,  on  the 
whole,  one  of  the  most  promising  anodes  that  I  have  seen.  I  am 
informed  that  the  material  is  not  so  permanent  with  an  alternating 
current,  and  also  that  it  has  been  abandoned  as  an  anode  for  the 
Clancy  process,  being  found  less  satisfactory  than  Acheson's  "ex- 
truded graphite."  Such  graphite  when  soaked  in  paraffin  is  said  to 
give  better  results  with  that  process. 

The  permanence  of  the  magnetite  anode  suggests  that,  in  this  case 
at  least,  the  oxide  film,  as  suggested  by  Faraday,  is  the  true  cause  of 
the  passivity.  In  a  thin  film,  formed  in  the  wet  way,  porosities  and 
defects  of  the  film  may  be  the  cause  of  the  unreliability  and  frequent 
failures.  When  the  film  becomes  ruptured,  exposing  only  the 
minutest  spot,  an  intense  local  action  begins  and  destruction  follows. 
It  is  possible  that  electrolytic  lining  of  the  hollow  magnetic  anode 
with  copper  in  a  similar  way,  or  filling  it  with  a  rod  of  iron  or  copper 
while  still  Hot,  might  also  cause  shrinkage  cracks  in  the  film  and 
similarly  result  in  failure. 

A  serious  defect  of  the  magnetite  anode  is  that  it  is  not  a  very  good 
conductor.  Landolt  and  Bernstein «  give  for  Swedish  magnetite  a 
resistance  of  0.595  ohm  per  cubic  centimeter,  conductivity  1.68.  I 
have  found  a  much  less  resistance  by  testing  the  anode  rod  just  de- 

•  Landolt,  H.  H.,  Landolt-BOrnstein  Physikallscli-chemische  Tabellen,  3d  ed.,  1905, 
p.  724. 
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scribed,  a  result  which  I  believe  to  be  nearer  the  true  value.  .The 
mean  of  four  closely  agreeing  tests  conducted  at  room  temperature 
was  0.0319  ohm  per  cubic  centimeter  (or  a  conductivity  of  31.4). 
This  makes  the  resistance  nearly  20,000  times  as  great  as  that  of 
copper,  more  than  3,000  times  as  gi'eat  as  that  of  iron,  and  more 
than  10  times  as  great  as  that  of  a  good  electric-light  carbon.'  This 
is  a  serious  drawback.  Of  course  if  the  metallic  core  could  be  used, 
without  any  failure  in  the  protecting  surface,  this  resistance  would 
be  much  cut  down.  Further  details  from  the  manufacturers  have 
not  come  to  hand. 

CATHODES. 

Satisfactory  cathodes,  as  such,  are  not  so  difficult  to  obtain.  Many 
suitable  substances  are  available.  But  when,  as  in  the  Christy  elec- 
troconcentrating  process,  a  cathode  is  desired  that  may  serve  alter- 
nately as  a  cathode  and  as  an  anode,  the  problem  is  not  so  easy. 

SOLUBLE    CATHODES. 

Mercury  and  amalgamated  copper  cathodes  are  specified  in  numer- 
ous patented  processes,  but  serious  chemical  and  physical  objections 
to  using  these  materials  have  been  sufficiently  explained.  An  addi- 
tional objection  is  the  cost  of  the  large  amount  of  these  expensive 
metals  that  must  be  used  to  obtain  effective  deposition  from  the  dilute 
solutions  required  in  practice.  Except  in  certain  exceptional  elec- 
trolytic methods  where  strong  solutions  are  used  and  where  regenera- 
tion of  the  cyanide  and  the  caustic  alkali  is  possible,  it  may  be  said 
that  the  use  of  quicksilver  and  copper  is  out  of  the  question. 

SHEET  ALUMINUM. 

The  use  of  sheet  aluminum  has  been  proposed  by  Cowper-Coles,* 
who  claims  that  the  cathode  should  fulfill  the  following  conditions: 

1.  The  gold  should  be  adherent  durlngr  the  process  of  deposition. 

2.  The  gold  should  be  capable  of  being  readily  stripped,  after  removal  from 
the  electrolyzlng  cell. 

3.  The  cathode  should  be  electropositive  to  the  gold  in  solution,  to  insure  its 
being  coated  with  gold  on  Immersion. 

It  is  affirmed  that  deposited  gold  is  easily  stripped  from  the 
cathodes  after  deposition,  and  claimed  that  the  metal  is  recovered 
successfully  from  a  solution  containing  2.5  pennyweight  of  gold  per 
ton  and  0.01  per  cent  KCy.  This  solution  is  treated  for  10  hours, 
with  a  flow  of  15  gallons  per  100  hours  for  every  cubic  foot  of  the 
deposition  box,  and  for  3  square  feet  of  cathode  surface.    Six  volts 

•  Cowper-Coles.  Sherard,  Some  notes  on  the  recovery  of  gold  from  cyanide  solations : 
Trans.  Inst.  Min.  and  Met,  vol.  6,  1897-8,  p.  219. 
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are  mentioned  as  being  used.  However,  there  is  great  danger  of  the 
cathodes  decomposing  the  water  and  becoming  coated  with  aluminic 
hydrate  in  spite  of  the  current,  and  this  of  course  would  put  an  end 
to  their  usefulness. 

The  idea  of  using  a  metal  electropositive  to  gold  to  prevent  re- 
solution of  the  gold  in  case  the  current  fails  is  an  ingenious  one, 
and  has  been  proposed  by  Bettal  and  Andreoli,  both  of  whom  use 
zinc  for  the  purpose.  It  must  be  remembered  that  the  zinc  or  alumi- 
num can  act  as  an  electropositive  metal  and  protect  gold  on  a  failure 
of  the  current  only  when  the  gold  is  deposited  so  loosely  as  to  allow 
the  solution  access  to  the  zinc  or  aluminum  to  form  a  couple.  If 
the  gold  is  deposited  as  a  coherent  sheet,  as  proposed  by  Cowper- 
Coles,*»  no  such  protective  action  is  possible.  The  anode  and  the 
gold-coated  cathode  then  form  the  couple,  and  the  gold  dissolves  if 
the  current  fails,  in  spite  of  the  protective  aluminum  or  zinc.  Also, 
when  mercury  is  in  solution  it  amalgamates  with  the  aluminum  of 
the  cathodes  and  causes  the  latter  to  heat,  oxidize,  and  disintegrate 
in  a  most  remarkable  manner.  In  my  judgment,  these  objections  suf- 
fice to  invalidate  the  use  of  aluminum  for  cathodes  in  cyanide  solution. 

INSOLTTBLE  CATHODES. 
HARD  CARBON  AND  GRAPHrTE. 

Hard  carbon  and  graphite  can  be  used  in  the  form  of  sheets,  both 
as  cathodes  and  afterwards  as  anodes,  in  a  stripping  solution  of  pure 
cyanide  at  a  low  voltage  without  any  difficulty  whatever.  When  the 
gold  has  been  concentrated  on  Acheson  graphite  sheet  cathodes  it 
may  be  readily  stripped  for  the  mint.  It  does  not  even  need  to  be 
melted  down. 

There  are,  however,  four  objections  to  such  electrodes:  (1)  Sheet 
electrodes  do  not  offer  sufficient  surface  to  permit  of  rapid  precipita- 
tion from  dilute  solutions.  See  the  comparison  of  results  in  using 
sheet- iron  and  iron  wire-cloth  cathodes  (p.  110).  (2)  Graphite  and 
carbon  in  other  ordinary  forms  are  brittle,  and  electrodes  of  these 
materials  are  easily  broken  if  much  handled.  (3)  On  account  of  the 
friable  character  of  the  material  it  is  not  possible  to  design  a  com- 
pact deposition  box,  as  the  cathode  sheets  must  be  at  least  one- fourth 
to  three-eighths  inch  or  more  thick,  whereas  with  wire  cloth  five  times 
the  precipitating  surface  may  be  provided  in  the  same  space.  (4) 
The  electrodes  are  costly.  However,  notwithstanding  all  these  draw- 
backs it  must  be  said  that  such  electrodes  furnish  a  physically  work- 
able solution  of  the  difficulty. 

"  Cowper-Coles.  Sherard,  Some  notes  on  the  recovery  of  gold  from  cyanide  solutions : 
Trans.  Inst  Mln.  and  Met.,  voL  6,  1897-8,  p.  219. 
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SHEET  IRON. 

Gold  comes  down  very  well  on  a  surface  of  sheet  iron;  but,  as 
already  pointed  out,  the  defect  of  plane  sheets  is  the  lack  of  sufficient 
precipitating  surface.  I  have  not  found  it  necessary  to  scale  the  dieet 
iron  by  pickling;  the  electrolytic  current  soon  precipitates  enough 
gold  and  silver  to  cover  the  magnetic  oxide  scale,  and  in  time  the 
action  even  will  cure  rusted  surfaces.  It  is,  of  course,  an  added  ex- 
pense to  subject  electrodes  to  pickling,  and  the  cost  of  this  would  be 
considerable.  The  method  of  pickling  suggested  by  Julian  and 
Smart  <»  is  as  follows : 

We  have  also  used  Iron  with  success  (as  cathodes),  and  we  find  that  in 
order  to  get  the  hest  results  all  the  oxides  should  be  removed  from  its  surface. 
This  we  have  doue  by  immersing  the  plates  in  the  following  mixture :  100  parts 
of  water,  10  sulphuric  in  which  1.5  of  zinc  is  dissolved,  and  then  adding  10  of 
nitric  acid.  If  then  washed  in  an  abundance  of  water  and  kept  in  an  alkaline 
solution  they  remain  nearly  as  bright  as  silver.  In  this  state  they  receive  a 
perfectly  uniform  deposit  Lead  can  not  be  used  to  remove  the  deposit,  as 
tills  injures  the  iron  surface  for  reuse,  but  if  placed  in  narrow  iron  boxes  con- 
taining 2  to  5  per  cent  KCy  solution  and  connected  with  Daniell  cells  in  i>ar- 
allel  to  form  the  anode,  while  the  box  Is  the  cathode,  the  gold  and  silver  rapidly 
dissolve  off  without  repreclpitating,  leaving  the  plate  perfectly  bright  and  clean 
and  ready  to  go  back  Into  the  precipitating  box. 

The  solution  is  then  evaporated  to  dryness  and  melted  to  get  the 
gold. 

This  method  would  be  more  expensive  than  ordinary  pickling,  but 
I  can  testify  that  it  gives  good  results.  The  plates  remain  bri^t  in 
alkaline  solutions  almost  indefinitely.  Even  when  used  as  anodes, 
with  a  voltage  below  1,  such  plates  stand  up  fairly  well,  but  at  higher 
voltages  they  oxidize  as  badly  as  ordinary  iron.  The  metal  can 
hardly  be  said  to  be  "  passive  "  when  it  acts  as  a  cathode.  It  is  pos- 
sible that  a  film  of  zinc  forms  on  its  surface,  although  this  seems 
improbable  in  the  presence  of  nitric  and  sulphuric  acids,  or  the  film 
may  be  nitride  of  iron.  At  any  rate  the  surface  seems  to  be  more 
permanent  than  "  pickled  "  iron  surfaces  usually  are. 

As  I  have  already  pointed  out,  the  intermittent  nature  of  the  ex- 
periments introduces  a  difficulty  that  would  not  occur  to  the  same 
extent  in  continuous  operation.  At  the  end  of  a  run  the  iron  wire- 
cloth  cathodes  with  gold  or  silver  deposited  on  them  had  to  be  re- 
moved from  the  cyanide  solution.  It  was  not  feasible  to  dry  them 
by  artificial  heat,  because  the  uneven  expansion  of  the  metals  might 
cause  scaling.  If  allowed  to  dry  in  the  air  at  room  temperatures 
the  dampness  of  the  wires  soon  caused  local  action,  gold  and  silver 
were  attacked  slightly  and  dissolved  in  the  cyanide  solution  with 
which  the  wires  were  wet,  and  after  the  cyanide  was  exhausted  the 

•  JullaD,  H.  F.,  and  Smart,  Edgar,  Cyanldlng  gold  and  silver  ores,  1904,  p.  140. 
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iron  began  to  rust  by  local  action  under  the  coating.  This  trouble 
appeared  when  the  cathodes  were  again  returned  to  the  deposition 
box,  and,  as  has  been  seen,  during  the  first  hour  or  more  the 
gold  and  silver  dissolved  in  spite  of  the  current.  Not  until  the  rust 
had  been  reduced  was  the  gold  again  precipitated.  In  continuous 
work  the  cathodes  would  remain  in  the  deposition  box  till  they  were 
to  go  into  the  stripping  box,  and  when  stripped  they  would  go  back 
into  the  deposition  box.  The  difficulty  would  not  then  appear  to 
the  same  extent.  .However,  it  was  highly  desirable  to  cure  the  evil 
altogether. 

Many  devices  were  resorted  to.  Among  others  the  cathodes  were 
immersed  in  gasoline  or  refined  petroleum  as  soon  as  removed  from 
the  deposition  box.  As  these  liquids  contained  no  oxygen,  it  was 
hoped  to  preserve  the  cathodes  from  rusting.  They  have  such  an 
effect,  except  at  some  points  where  occluded  oxygenated  water  re- 
mained and  acted.  But  a  worse  evil  arose.  The  gasoline,  like  all 
petroleum  products  commercially  applicable,  contained  so  much 
dissolved  heavy  hydrocarbon  that  when  the  cathodes  were  removed 
for  use  an  insulating  residue  was  left  on  the  entire  surface,  rendering 
them  almost  nonconductors.  It  is  possible  that  the  cathodes  might 
have  been  preserved  if  they  had  been  dried  in  vacuimi  and  kept  in 
a  vacuum.    But  this  did  not  appear  to  be  practicable. 

Heating  the  iron- wire  gauze  to  redness  in  an  atmosphere  of  am- 
monia gas  was  tried.  Hydrogen  was  set  free  and  nitride  of  iron 
of  a  silver-gray  color  formed,  and  the  cathodes  no  longer  rusted  in 
any  ordinary  atmosphere.  A  piece  of  such  gauze  so  treated  has 
been  exposed  10  years  to  the  atmosphere  of  the  laboratory  without 
perceptible  change.  But  the  treatment  had  made  the  wire  brittle 
as  a  pipestem,  and  when  used  as  an  anode  under  a  strong  current  it 
failed  as  before.  Possibly  such  a  treatment  might  be  used  if  it  were 
not  pushed  too  far,  but  the  extreme  brittleness  resulting  led  me  to 
drop  the  method. 

PLATINUM. 

Cathodes  of  platinum-wire  gauze  of  16  meshes  to  the  linear  inch, 
of  0.5-mm.  wire,  united  like  those  of  iron-wire  cloth  into  "  bunches 
of  five,"  would  be  satisfactory,  as  regards  both  rapid  precipitation 
and  perfect  stripping.  Some  method  of  rapid  drying  would  still 
be  necessary  to  avoid  resolution  of  the  deposited  metal  in  inter- 
mittent use,  but  the  undercutting  by  rusting  would  have  been 
avoided.  However,  calculation  soon  showed  that  the  cost  of  such 
cathodes  was  prohibitory,  and  I  was  forced  to  compromise.  I  or- 
dered some  wire-cloth  cathodes  of  16  mesh  (linear)  to  be  made  by 
Hereaus  in  Germany.  The  metal  used  was  platinum  with  10  per 
cent  iridium,  but  the  wires  were  only  0.1  mm.  in  diameter  and  the 
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conducting  wires  welded  to  the  edge  of  the  cloth  were  0.5  mm.  thict 
The  cathodes  were  made  11  by  11  cm.  in  size,  with  an  ebonite  frame 
at  the  edges  to  give  the  required  stiffness.  The  section  exposed  to  the 
solution  was  10  by  10  cm.  The  88  electrodes  cost,  at  the  price  thto 
prevailing,  in  1902,  nearly  $250.  Seventy-two  of  these  anodes  and 
cathodes,  with  insulators,  could  be  compacted  into  an  8-inch  length 
of  box  with  an*  effective  section  4  by  4  inches,  or  into  128  cubic  inches, 
or  0.074  cubic  foot.  That  would  have  made  a  total  cost  for  electrodes 
of  $2,900  a  cubic  foot.  At  the  rate  of  even  1,000  cubic  feet  of  solu- 
tion treated  a  day  in  such  a  box,  or  31  tons  a  day,  or  11,315  tons 
a  year,  the  interest  on  the  cost  of  the  platinum  would  be  $145  a 
year,  or  $0.0128  per  ton  of  solution  precipitated.  At  the  present 
prices  of  platinum  this  item  would  be  far  greater.  The  cost  alone 
would  be  excessive;  but  the  platinum  cathodes  at  the  start  had 
only  one-fifth  the  precipitating  surface  of  the  iron  ones,  and  the 
precipitation  was  at  only  about  half  the  rate  at  best.  As  they  be- 
came coated  with  gold  and  silver,  however,  the  area  would  increase, 
and  the  precipitating  rate  would  increase  correspondingly  until  the 
gauze  would  be  choked  with  deposited  metal. 

The  use  of  iron- wire  gauze  electroplated  with  platinum,  or  com- 
posite wires  with  an  iron  core  and  a  platinum  face  drawn  down 
through  draw  plates,  might  be  feasible.  But  I  had  doubt  as  to 
whether  a  layer  of  platinum  as  thin  as  it  would  be  economical  to  em- 
ploy would  be  impervious  to  the  OH  ions.  If  the  platinum  were 
not  impervious,  the  electrode  would  soon  be  destroyed.  The  ends  of 
the  composite  drawn  wires  would  also  be  a  weak  point  for  attack. 

The  most  favorable  ratio  between  wire  diameter  and  distance  be- 
tween wires  to  give  maximum  depositing  area  with  minimum  resist- 
ance to  flow  of  solution  is  when  the  diameter  of  the  wire  is  one-third 
the  distance  between  the  wires,  center  to  center,  as  can  easily  be  diown 
mathematically.  If  this  ratio  is  maintained,  the  total  wire  surface 
(warp  and  woof  together)  is  a  little  more  than  that  of  both  sides  of 
a  solid  sheet  of  metal.  Diameters  of  wire  between  0.5  and  1  mm. 
give  the  best  results. 

IRON-WIRE  CLOTH. 

The  many  advantages  of  iron-wire  cloth  cathodes,  such  as  the  large 
precipitating  area,  the  dense  current  that  they  will  endure,  their  great 
permeability,  and  the  compactness  of  design  which  they  lead  to,  have 
made  me  very  reluctant  to  abandon  them.  As  before  explained,  the 
oxidation  by  "  local  action  "  between  experiments  followed  by  subse- 
quent rusting  and  resolution  would  not  occur  in  continuous  use.  Very 
little  oxidation  occurs  in  the  stripping  box  if  the  stripping  current 
is  kept  below  1  volt.    In  order  to  prevent  leaving  the  electrodes  too 
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long  in  the  stripping  box,  which  would  be  wasteful  of  current  and 
would  be  attended  with  other  bad  effects  as  is  claimed  by  Uslar,« 
they  could  be  suspended  in  the  box  by  using  a  device  like  Roseleur's 
plating  balance  described  by  McMillan.*  This  could  be  made  to 
break  the  stripping  circuit  automatically  and  sound  an  alarm  if 
thought  necessary.  Anodes  of  carbon  or  of v  melted  magnetite  could 
be  used  when  desired  to  recover  the  dissolved  gold  in  sheets  at  a 
slightly  higher  voltage  from  the  clean-up  solution.  As  the  stripped 
cathode  that  has  served  as  the  anode  of  the  clean-up  box  would  be 
wet  with  a  rich  solution,  and  would  have  suffered  an  incipient  oxida- 
tion, it  would  be  inserted  first  as  cathode  for  a  few  minutes  in  the 
so-called  "hospital  cell."  This  cell  would  contain  1  or  2  per  cent? 
caustic  potash  or  soda,  and  with  4  or  5  volts  a  strong  current  giving 
a  violent  evolution  of  hydrogen  would  soon  bring  back  any  oxidized 
spots  into  such  a  state  that  they  would  be  at  once  effective  when  again 
inserted  in  the  deposition  box. 

When  iron-wire  cloth  cathodes  have  become  badly  rusted  they 
are  easily  brought  into  normal  condition  by  heating  in  a  closed 
iron  box  to  about  400*^  C.  (below  red  heat)  in  an  atmosphere  of 
hydrogen,  carbon  monoxide,  or  vapors  of  gasoline^  Care  must,  of 
course,  be  taken  to  displace  the  air  from  such  receptacle  by  the 
reducing  vapor  before  applying  the  heat.  The/  excess  vapor  used 
for  the  reduction  would  be  burned,  outside  the  box,  in  a  suitable 
burner  to  furnish  the  heat  necessary  for  the  reaction.  The  cathodes, 
when  badly  rusted,  may  be  brought  back  to  duty  by  immersing 
them  in  powdered  charcoal  and  heating  them  to  a  temperature  be- 
low redness.    Care  should  be  taken  not  to  overheat  and  melt  them. 

PERVIOUS  CATHODES  OF  BROKEN  COKE,  CARBON,  OR  GRAPHPrE. 

In  order  to  escape  the  difficulties  with  the  iron- wire  cloth  cathodes 
I  have  tried  also  pervious  cathodes  composed  of  ^-inch  fragments 
of  hard  coke,  as  well  as  retort  carbon  and  graphite.  Cathodes  of 
these  materials  were  formed  by  placing  the  material  in  boxes  having 
cheesecloth  sides,  so  that  the  solution  could  flow  through  the  mass. 
On  April  6,  1904,  I  was  granted  United  States  patent  No.  756328 
for  a  process  of  recovery  of  gold  and  silver  from  cyanide  solutions 
along  these  lines.  Figures  30  and  31  taken  from  the  patent  speci- 
fications will  serve  to  illustrate  the  devices  used. 

The  general  process  is  shown  in  diagram  1,  figure  30.    B  is  the 
storage  tank  for  the  solution;  A^  the  deposition  box  or  electrochem-  "v 
ical  cell.    The  figures  shows  the  anodes  d   (marked  +)    ^^d  the 

«  Von  Uslar,  Manuel,  and  Erlwein,  Oeorg,  Cyanid-Prozesse  snr  Goldgewlnnnng :  Mono- 
graph, angew.  Elektrochemie,  Halle,  Germany,  1908,  100  pp. 
» McMillan,  W.  G.,  Treatise  on  electro-metallurgy,  3d  ed.,  1910,  p.  101. 

55372**— Bull.  150—10 8 
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cathodes  e,  marked  with  a  minus  (— )  sign.  These  are  connected  in 
parallel  with  a  shunt-wound  or  separately  excited  dynamo  D,  pro- 
vided with  a  suitable  ammeter  F  and  a  voltmeter  C.    The  solution 
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flows  through  the  deposition  box  A  from  the  tank  B  through  a  suit- 
able centrifugal  pump  F,  driven  by  a  motor  G,  and  back  a^in 
through  pipe  ff  to  the  tank,  and  so  on,  rapidly,  continuously,  and 


repeatedly  and  in /such  a  manner  that  the  solution  is  brought  into 
intimate  contact  wltli  anodes  and  cathodes  in  rapid  alternation  until 


i 


trodes  and  of  deposition  box.     Lettering  similar  t 


the  gold  and  siher  content  has  been  sufficiently  reduced,  when  the 
solution  is  discharged  and  a  new  lot  treated. 
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Diagram  1  of  figure  30  shows  also  the  common  form  of  deposition- 
box  A  J  with  removable  cathodes  e.  The  solution  flows  in  a  zigzag 
course  through  the  box,  as  is  indicated  by  the  arrows;  but  the  form 
of  deposition  box  or  electrochemical  cell  that  I  prefer  is  one  with 
pervious  electrodes,  as  shown  in  diagrams  2  and  3,  figure  30.  In 
these  diagrams  the  box  is  designated  by  A^,  the  anodes,  d^^  are  marked 
with  the  plus  sign  (+).  The  anodes  are  made  of  any  electrocon- 
ducting  substance  not  too  much  acted  on  by  the  solution,  such  as  ircm, 
lead,  pei^oidde  of  lead,  platinum,  or,  for  pressures  not  greatly  ex- 
ceeding 1.5  volts,  dense  carbon  or  graphite.  These  anodes  may  be 
constructed  of  wires,  rods,  gauze,  or  perforated  sheets,  in  any  form 
or  manner  to  be  pervious  to  the  solution.  The  wire-gauze  d  is  best 
mounted  to  prevent  contact  with  the  cathodes,  in  a  parafined  wooden 
frame  dz  as  in  diagrams  4  and  5,  figure  30,  connected  electrically 
with  an  amalgamated  copper  wire  H^.  The  perforated  sheet-metal 
anodes  di  are  constructed  as  in  diagram  6,  figure  30.  The  graphite 
or  carbon  anodes  may  be  similarly  constructed  of  perforated  blocks; 
but  I  prefer  to  construct  them  of  the  densest  graphite  or  electrode- 
carbooi  rods  d^^  mounted,  as  in  diagrams  7,  8,  and  9,  figure  30,  in 
which  a  a  represent  parafined  wooden  frames,  inclosing  electrocon- 
ducting  strips  /,  which  are  connected  with  the  amalgamated  copper 
wire  H^.  The  electroconducting  strips  make  electric  contact  with 
the  carbon  rods  placed  about  one-eighth  inch  apart  At  /  short 
strips  of  rubber  hose  are  shown  which  prevent  contact  with  the 
cathodes. 

METHOD   OF  FBEPASINO  AND  TTSINO  FEBVIOTTS  ELECTEOBES. 

When  wire-cloth  cathodes  are  used  the  wire  cloth  is  cut  to  a  size 
to  fit  the  box,  and  the  sheets  ^^  are  clamped  together,  as  in  diagrams 
1  and  2,  figure  31,  in  bunches  of  five  or  ten  sheets,  electrically  con- 
nected with  a  sheet-iron  strip  A,  to  which  is  riveted  an  amalgamated 
copper  wire  Hz.  Before  the  sheets  of  wire  gauze  are  clamped 
together  they  should  be  preferably  heated  to  dull  redness  for  about 
one  minute  to  bum  the  oil  usually  left  on  the  surface  by  the  manu- 
facturer and  to  coat  them  with  a  thin  coating  of  magnetic  oxide  of 
iron.  They  should  not  be  exposed  to  the  heat  too  long  or  a  thick 
scale  forms  that  easily  cracks  off. 

Instead  of  iron-wire  gauze  any  other  pervious  conducting  sub- 
stance may  be  used  as  a  cathode,  such  as  metallic  filaments  or  cloth 
saturated  with  precipitated  silver,  gold,  or  other  metal,  thus  exposing 
a  large  surface.  A  metal  surface  of  this  kind  may  be  prepared  by 
inserting  a  sheet  of  metallic  wire  cloth  (of  iron,  for  instance)  as  a 
basis  for  a  cathode,  into  a  suitable  electrochemical  cell  provided 
with  pervious  anodes.    Through  this  cell  is  circulated  a  strong  solu- 
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tion  of  gold,  silver,  copper,  lead,  or  other  electronegative  metal,  dur- 
ing the  passage  of  a  dense  electric  current,  to  precipitate  such  metal 
on  the  surface  of  the  wire  cloth  in  a  perviotis  or  spongy  layer.  This 
forms  an  electrolytic  filter  of  enormous  cathode  area  in  a  small 
compass.  The  anodes  and  cathodes  thus  formed  may  be  arranged 
as  shown  in  diagram  2,  figure  30,  or  they  may  be  arranged  horizon- 
tally one  above  the  other  and  the  dilute  cyanide  solutions  from  which 
the  gold  and  silver  are  to  be  removed  may  be  forced  to  circulate 
rapidly  through  such  pervious  anodes  and  cathodes. 

Alse-,  for  the  purpose  described,  granulated  metal,  pulverized  coke, 
or  electrocarbon  dust  dg,  properly  sized,  may  be  placed  in  a  wooden 
framework  ^2?  covered  with  cheesecloth  64,  and  electrically  connected 
by  an  iron  wire  ending  in  an  amalgamated  copper  wire  H^^i  as  shown 
in  elevation  in  diagram  3,  figure  81,  and  in  cross  section  in  diagram 
4,  figure  31.  The  electrodes  are  separated  one-half  to  one- fourth 
inch  to  prevent  short-circuiting.  In  diagrams  2  and  3,  figure  30,  is 
shown  the  arrangement  of  such  a  deposition  box  with  pervious 
anodes  and  removable  pervious  cathodes.  Electric  connections  in 
parallel  are  made  with  the  anodes  and  cathodes,  as  shown  in  the  sec- 
tional view  3,  figure  30,  by  the  box  6,  connected  with  the  negative 
pole,  and  by  the  box  (?,  connected  with  the  positive  pole  of  the 
dynamo.  The  wooden  boxes  6  and  c  contain  omnibus  btfrs  of  amal- 
gamated copper  and  connecting  holes  filled  with  mercury,  into  which 
dip  the  wires  H^  from  the  anodes  and  the  wires  H^  from  the 
cathodes. 

The  box  J.^,  shown  in  diagrams  2  and  3,  figure  30,  is  placed  in 
the  position  shown  for  box  A  in  diagram  1,  figure  30,  being  substi- 
tuted for  that  box,  and  the  solution  is  forced  to  circulate  repeatedly 
from  tank  B  through  the  box  A^  and  through  the  pervious  anodes 
and  cathodes,  and  back  again,  so  as  to  be  brought  into  intimate  con- 
tact with  anodes  and  cathodes  in  rapid  alternation  until  its  gold  and 
silver  content  is  sufficiently  reduced.  When  the  voltage  is  kept  con- 
stant at  any  point  (at  two  volts,  for  instance)  the  completion  of  the 
treatment  is  indicated  by  the  number  of  amperes  of  the  electric 
current.  The  number  is  high  at  first,  but  suddenly  drops  and  becomes 
constant  when  the  gold  and  silver  content  of  the  solution  is  exhausted. 
Since  the  fall  of  electric  current  could  be  caused  by  an  accidental 
increase  of  resistance,  it  is  necessary  always  to  assay  the  solution 
before  discharging  the  lot  under  treatment. 

I  prefer  to  concentrate  the  gold  and  silver  thus  deposited  on  re- 
movable cathodes  in  the  manner  shown  in  my  former  patent.  No. 
643096,  February  6, 1900.  However,  I  have  been  able  to  increase  the 
precipitating  capacity  of  the  deposition  box  by  the  new  method  de- 
scribed here  to  far  exceed  the  capacity  of  the  clean-up  box  there 
shown.    I  have  also  been  able  to  apply  the  same  principle  of  rapid 
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circulation  to  that  box,  and  thus  to  increase  its  capacity.  Diagram  5, 
figure  31,  shows  how  this  is  effected.  A  centrifugal  or  other  pump  F^ 
forces  the  cyanide  solution,  which  should  be  as  free  as  possible  from 
chlorides  and  sulphates,  to  circulate  rapidly  through  the  clean-up 
box  e/,  preferably,  though  not  necessarily,  at  such  a  rate  as  to  pre- 
vent the  evolution  of  gas  at  the  cathodes.  These  consist,  preferably, 
of  sheets  of  iron  ^g,  marked  with  a  minus  (  — )  sign  in  the  figure  and 
arranged,  as  shown,  to  force  the  solution  to  pass  alternately  up  and 
down  tiirough  the  box  and  at  the  same  time  through  the  pervious  sec- 
ondary anodes  rfgj  marked  with  a  plus  (+)  sign.  These  sec- 
ondary anodes  are  the  gold  and  silver  laden  primary  cathodes 
^1,  from  the  deposition  box,  shown  in  diagrams  2  and  3,  figure 
30.  Although  pervious  cathodes  ^^  to  collect  the  silver  and 
gold  in  the  deposition  box  are  preferable,  impervious  cathodes, 
^,  shown  in  diagram  1,  figure  30,  can  be  used.  The  gold  and 
silver  content  is  then  concentrated  on  the  secondary  cathodes  in  a 
similar  manner.  The  secondary  cathodes  ^g,  of  sheet  iron  or  other 
metal,  marked  minus  (— )  are,  before  being  inserted  in  the  clean-up. 
box,  coated  with  a  very  thin  layer  of  electroplater's  graphite  and  vase- 
line. With  an  electromotive  force  of  about  one-half  volt,  the  gold  . 
and  silver  are  rapidly  removed  from  the  removable  secondary  anodes 
d^  (primary  cathodes  e^  in  the  deposition  box)  and  deposited  on  the 
secondary  cathodes  eg,  as  solid  sheets.  These  sheets  may  be  pulled  oflf 
at  convenient  intervals  and  are  ready  for  the  mint  withotit  further 
treatment.  I  have  thus  produced  solid  sheets  of  bullion  one-eighth 
of  an  inch  thick  and  996  fine.  If  an  extremely  dense  electric  current 
is  used  in  the  clean-up  box,  the  gold  and  silver  will  be  deposited  on 
the  secondary  cathodes  in  the  form  of  a  loose  powder,  which  is  easily 
removed  with  a  stiff  brush  and  can  be  melted  down  into  bars.  The 
rapid  circulation  of  the  solution  permits  the  concentration  of  Ihe 
metal  with  a  dense  current,  and  greater  rapidity  is  insured  in  a  small 
box. 

Also,  it  is  evident  that,  instead  of  having  two  separate  boxes — a 
deposition  box  and  a  clean-up  box — the  same  result  may  be  obtained 
with  a  deposition  box  that  serves  both  purposes  in  alternation.  This 
is  particularly  the  case  when  pervious  cathodes  of  broken  carbon  or 
graphite  are  used,  for  these  are  bulky  and  inconvenient  to  remove  to 
a  clean-up  box.  Instead  of  doing  this,  when  the  cathodes  become 
sufficiently  charged  with  gold  and  silver  in  the  deposition  box  after 
the  circulation  of  a  large  volume  of  cyanide  and  ore  solution,  the 
circulation  from  the  storage  tank  is  cut  off.  Then  the  same  or  a 
fresh  cyanide  solution  is  made  to  circulate  rapidly  and  repeatedly 
through  the  box  (see  diagram  2,  fig.  30)  by  means  of  a  pump,  as  in 
diagram  5,  figure  31,  except  that  now  the  primary  cathodes  of  dia- 
gram 2,  figure  30,  marked  minus  (~),  are  connected  with  the  plus 
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(+)  pole  of  the  dynamo,  to  become  secondary  anodes,  while  the 
original  anodes  (diagram  2,  fig.  30),  marked  plus  (+),  are  replaced 
by  secondary  cathodes  of  sheet  iron  which  have  been  previously  coated 
with  a  mixture  of  graphite  and  vaseline.  The  secondary  cathodes  on 
being  connected  with  the  negative  (— )  pole  of  the  dynamo  become 
coated  with  the  gold  in  a  concentrated  form,  which  had  been  pre- 
viously distributed  on  a  very  large  primary  cathode  area.  The  sec- 
ondary cathodes  may  be  of  the  form  of  those  marked  minus  (— )  in 
diagram  5,  figure  31,  or  they  may  be  as  shown  in  diagram  6,  figure  30, 
or  they  may  be  of  separate  strips  of  iron  or  other  conducting  material, 
arranged  like  the  slats  of  a  window  blind,  so  as  to  be  pervious  to  the 
solution.  It  is  preferable  to  circulate  the  solution  at  such  speed  that 
evolution  of  hydrogen  gas  is  practically  avoided  at  the  cathode;  if, 
owing  to  the  density  of  the  electric  current  used,  this  is  not  possible 
the  velocity  should  not  be  less  than  1  foot  per  minute.  When  the 
gold  content  of  the  original  cathodes,  now  secondary  anodes,  has 
been  recovered,  the  secondary  cathodes,  now  la4en  with  concentrated 
gold,  are  removed,  the  original  anodes  are  replaced,  the  electric  con- 
nections changed  to  the  original  condition,  and  the  stock  solution 
turned  again  through  the  tank,  which  now  serves  as  a  deposition  box, 
'  as  shown  in  diagrams  1  and  2,  figure  30. 

The  same  principle  of  rapid  circulation  and  repeated  treatment 
in  rapid  alternation  of  a  large  volume  of  solution  in  a  small  deposi- 
tion box  containing  pervious  electrodes  may  also  be  applied  to  the 
electrochemical  recovery  of  gold  and  silver  from  cyanide  solutions 
without  the  use  of  a  dynamo  or  external  source  of  electricity,  the 
electric  energy  being  furnished  by  such  an  electropositive  metal,  as 
zinc,  in  the  form  of  fine  granules,  shavings,  or  dust.  This  system  is 
shown  in  diagram  6,  figure  31.  The  figure  shows  at  5,  the  large 
storage  tank  containing  the  solution  to  be  treated,  a  centrifugal  or 
other  pump  F^^  and  a  vessel  M^  containing  zinc  in  the  form  of  shav- 
ings or  other  form,  exposing  a  large  surface.  The  zinc  rests  on  a 
filter  L.  A  filter  L^  may  be  used  at  the  top  of  the  box  to  avoid  the 
loss  of  fine  particles,  if  desired.  K^  K^^  and  K^  represent  valves  to 
control  the  flow.  The  solution  is  forced  to  circulate  from  the  tank  B 
through  the  zinc  and  back  again  repeatedly  (preferably,  though 
not  necessarily)  at  such  a  rate  as  to  substantially  prevent  the  evolu- 
tion of  hydrogen.  The  gold  and  silver  are  rapidly  precipitated  by 
the  electrolytic  action  set  up  between  the  solution  and  the  zinc.  The 
zinc  particles  act  as  anodes  and  the  gold  and  silver  particles,  which 
are  at  once  deposited  in  a  porous  or  pervious  state  upon  the  zinc,  act 
as  cathodes.  The  zinc  anodes  covered  with  this  petvious  coating  of 
gold  and  silver  form  a  combination  of  pervious  anodes  and  cathodes, 
and  when  the  solution  is  forced  to  circulate  rapidly  and  repeatedly 
through  them  it  is  brought  into  intimate  contact  with  anodes,  and 
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cathodes  in  rapid  alternation.  Although  the  electromotive  force  of 
the  combination  is  small,  the  current  is  short-circuited,  and  the  re- 
sistance therefore  is  smaller  than  in  any  other  form  of  cell,  and 
hence  the  gold  and  silver  are  rapidly  precipitated.  In  this  tjrpe  of 
process  it  is  important  that  the  gold  and  silver  be  precipitated  on 
the  zinc  in  a  loosely  adherent  porous  film  in  order  that  the  zinc  and 
the  precipitated  metal  form  a  set  of  electrodes  pervious  to  the  solu- 
tion. In  some  instances  the  precious  metal  forms  a  soUd  impervious 
film  on  the  surface  of  the  zinc.  When  this  happens,  precipitation 
ceases.  In  such  an  event  the  zinc,  before  use,  should  be  coated  by 
dipping  it  into  a  dilute  solution  of  nitrate  of  silver  or  acetate  of 
lead,  forming  a  pervious  film  of  silver  or  lead.  When  the  zinc  is 
sufficiently  fine  the  precaution  is  unnecessary. 

By  the  ordinary  zinc  process,  owing  to  local  action,  5  to  20  ounces 
of  zinc  are  required  to  precipitate  1  ounce  of  silver  or  gold,  but  with 
the  Christy  process  practically  complete  precipitation  of  1  ounce  of 
silver  with  0.57  ounce  zinc  has  been  effected,  and  results  nearly  as  good 
with  gold.  In  practice  the  use  of  about  2  ounces  of  zinc  to  1  of 
gold  and  silver  is  preferable,  but  even  then  the  use  of  the  proce^ 
will  save  zinc  and  reduce  the  cost  of  refining  the  precipitate. 

By  the  application  of  the  same  principle  the  precipitate  can  be 
i-efined  without  the  use  of  acid  by  circulating  rapidly  and  repeatedly 
a  solution  of  cyanide,  nitrate,  or  sulphate  of  silver,  of  cyanide  or 
chloride  of  gold,  or  soluble  salt  of  copper,  through  the  precipitate, 
so  that  such  solution  may  come  into  contact,  in  rapid  alternation, 
with  the  residual  particles  of  zinc,  acting  as  pervious  anodes,  and  of 
deposited  gold  and  silver,  acting  as  pervious  cathodes,  until  the  resid- 
ual zinc  is  dissolved.  After  refining  the  precipitate  in  this  manner 
the  silver  or  gold,  left  in  the  refining  solution,  is  recovered  by  the 
use  of  fresh  zinc,  as  before. 

Most  of  my  work,  though  not  all,  was  d(Mie  with  pure  solutions, 
and  desiring  to  see  how  the  process  would  work  with  stock  solutions 
from  the  treatment  of  ores,  I  obtained  in  1905,  through  the  kindness 
of  Mr.  Charles  Rhodes,  manager  of  the  Waihi  mine,  New  Zealand, 
and  of  Mr.  W.  W.  Mein,  general  manager  of  Robinson  n^e,  Johan- 
nesberg,  an  opportunity  to  have  tests  made  at  the^  places. 

I  much  appreciate  the  trouble  the  experimenters  took  with  these 
tests,  but  none  of  the  experiments  were  carried  out  exactly  as  I 
directed.  In  some  tests  the  lack  of  facilities  at  hand  made  this  im- 
possible; in  others  the  ideas  of  the  experimenter  led  to  changes  in 
details  without  realization  of  the  detrimental  effect.  Most  serious 
of  all  was  the  failure  to  record  all  the  necessary  variables.  Thus 
the  causes  of  success  or  failure  in  many  of  the  experiments  can  not 
be  determined.  Circulation  by  means  of  the  pump,  which  should 
have  been  easily  controlled,  was  found  troublesome  and  results  in 
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some  t€^  seem  to  indicate  that  the  boxes  did  not  get  the  proper 
treatment.  I  present  here  the  results  obtained  by  other  men  in  tests 
conducted  at  my  request  as  described. 

EZFEEIHENTS  AT  WAIHI  MINE,  NEW  ZEALAND. 

The  experiments  at  Waihi  mine,  New  Zealand,  were  conducted  by 
Herbert  W.  Hopkins,  metallurgist,  Victoria  mill,  Waikino,  in  1905. 

The  solution  employed  for  these  tests  was  that  which  had  been 
used  in  treating  a  clean  gold  and  silver  bearing  quartz  ore  containing 
1  per  cent  pyrite.  The  solution  was  heavily  charged  with  lime  to 
settle  the  slimes.  The  box  used  was  3  feet  4  inchest  by  1  foot  by  10 
inches.  The  electrodes  were  immersed  to  present  an  area  11  by  9 
inches,  which  later  was  increased  to  11  by  10  inches. 

EXFEBIMENTS   WITH   FLAT   OB  PLANE   ELEOTBODES. 

SERIES  A  TESTS. 

Both  the  29  anodes  and  the  28  cathodes  were  of  lead.  No  trouble 
is  mentioned  with  respect  to  the  anodes,  and  it  is  presiuned  that  they 
were  peroxidized.  The  cathode  area  exposed  was  38.5  (later  42.8) 
square  feet  for  both  sides  and  all  electrodes  were  spaced  one-third 
inch  apart.  Allowing  one-eighth  inch  for  thickness  of  lead,  we  have 
1.66  cubic  feet  as  the  volume  of  box  actually  occupied  by  electrodes. 
The  capacity  which  I  claimed  such  a  box  should  possess  was  8.30 
cubic  feet  per  24  hours. 

Twelve  experiments  were  made  with  a  single  flow  through  the  box 
at  a  rate  varying  from  0.75  to  0.87  long  ton,  or  26.7  to  31  cubic  feet 
per  24  hours,  which  is  three  to  four  times  the  capacity  claimed  for 
such  a  box.  With  2.5  to  3  volts  and  3.5  to  3.8  amperes  and  an  average 
current  density  of  about  0.1  ampere  per  square  foot,  the  average  of 
12  experiments  was  a  recovery  of  32.3  per  cent  gold  and  31.2  per  cent 
silver,  with  a  reduction  in  cyanide  content  of  the  solution  from  0.142 
to  0.138  per  cent.  If  the  volume  treated  had  been  reduced  to  8.3 
cubic  feet  per  24  hours,  the  results  would  undoubtedly  have  been 
much  the  same  as  I  have  obtained. 

SERIES  B  TESTS. 

Three  experiments  were  conducted  with  6.1  cubic  feet  of  solution 
passed  four  times  through  the  cell  in  3  hours,  which  would  be  at  the 
rate  of  48.8  cubic  feet  per  24  kours.  With  2.5  to  3.5  volts  and  3.5  to 
10  amperes  no  gold  was  obtained.  The  current  density  here  was  0.26 
ampere  per  square  foot,  or  nearly  the  same  density  as  that  used  by 
Mr^  Butters  to  deposit  metal  as  a  slime,  and  the  rate  of  passage  of 
the  solution  was  about  5.88  times  that  which  I  have  desired.    The 
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velocity  of  flow  of  solution  through  the  narrow  slit  between  the 
plates,  i  by  11  inches,  would  have  to  be  more  than  5  feet  per  minute 
to  give  this  flow,  hence  it  was  to  be  expected  that  the  loose  slimy 
deposit  would  be  stripped  from  the  flat  plates  by  the  excessive  flow. 

SERIES  C  TESTS. 

In  this  test  the  rate  of  flow  was  0.92  long  ton  or  32.15  cubic  feet 
per  24  hours,  nearly  four  times  the  desirable  capacity  of  the  box.  At 
4  volts  and  10  amperes  and  with  a  density  of  current  amounting  to 
0.26  ampere  per  square  foot  the  recovery  of  gold  was  61.7  per  cent 
and  of  silver  59.3  per  cent,  with  no  loss  in  cyanide.  Considering 
that  this  is  nearly  four  times  the  desirable  capacity  of  the  box,  the 
results  are  not  Iwid.  The  current  density  was  sufficient  to  dex>osit 
slime  on  the  flat  electrodes,  but  the  circulation  was  not  sufficiently 
violent  to  wash  it  all  off.  Another  experiment,  at  the  rate  of  0.9 
long  ton  per  24  hours,  gave  60.7  per  cent  recovery  of  gold  and  59^ 
per  c&nt  of  silver. 

In  all  the  above  experiments  with  flat  electrodes  the  volume  of 
solution  was  three  to  seven  times  greater  than  the  capacity  which  I 
should  have  desired.  As  the  duration  of  the  tests  is  not  mentioned 
the  ampere-hour  efficiency  can  not  be  calculated. 

EXFEBIMENTS  WITH  PEBVIOUS  WIBE-CLOTH   CATHODES. 

The  solutions  employed  in  the  tests  with  pervious  cathodes  con- 
tained 7  to  25  pennyweights  of  gold  per  long  ton,  1  to  3  ounces  of 
silver,  and  0.14  to  0.22  per  cent  potassium  cyanide.  The  28  cathodes 
and  29  anodes  were  spaced  one-half  inch.  Each  cathode  was  a  single 
piece  of  16-mesh  iron-wire  cloth,  the  total  area  being  about  34  square 
feet.  The  anodes  were  of  sheet  lead  resting  on  the  bottom  of  the  box 
and  perforated  by  80  one-half  inch  holes.  These  should  have  been 
five  or  ten  times  as  numerous. 

For  the  test  a  measured  quantity  of  solution  was  placed  in  a  barrel 
at  the  head  of  the  deposition  box,  also  filled  with  the  solution.  The 
current  was  allowed  to  run  from  the  barrel  through  the  box  to  a 
second  barrel  which  received  the  tailing.  At  the  end  of  the  test  the 
content  of  this  tailing  barrel  was  transferred  to  the  head  barrel. 
Lfater,  after  experiment  25,  two  head  and  two  tailing  barrels  were 
used,  to  make  sure  that  every  part  of  the  solution  received  its  proper 
treatment. 

Three  interesting  experiments,  which  will  be  here  designated  A, 
B,  and  C,  were  made  to  determine  the  effect  of  a  stoppage  of  the 
dynamo.    The  conditions  of  test  and  results  were  as  follows: 

A.  Solution  standing  In  ceH;  dynamo  stopped;  brushes  down;  circuit  not 
broken.     Sample  taken  when  dynumo  stopped:  Gold  content,  5  pennyweight  5 
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grains;    silver,  14  pennyweight  21  grains.     Sample  taken  after  standing  16 
tiours :  Gold  content,  6  pennyweight ;  silver,  16  pennyweight  5  grains. 

B.  Solution  standing  in  cell ;  dynamo  stopped ;  circuit  broken.  Sample  taken 
^hen  dynamo  stx)pped:  Gold,  15  pennyweight  12  grains;  silver,  2  ounces  2 
[>ennyweight  9  grains.  Sample  taken  after  standing  20  hours:  Gold,  16 
[>enny weight  11  grains;  silver,  2  ounces  5  pennyweight  20  grains. 

C.  Solution  standing  in  cell ;  dynamo  stopped ;  circuit  broken.  Sample  when 
dynamo  stopped:  Gold,  5  pennyweight  23  grains;  silver,  9  pennyweight  11 
grains.  After  standing  li  hours:  GJold,  5  pennyweight  21  grains;  silver,  10 
peoDj^weight  18  grains. 

The  longest  stoppage  that  occurred  during  which  the  circuit  was 
broken  was  one  hour. 

Allowing  one-eighth  inch  for  the  thickness  of  the  electrodes,  which 
were  one-half  inch  apart,  the  electrodes  occupied  2,200  cubic  inches, 
or  1.25  cubic  feet.  Thus  the  box  was  much  less  compact  than  those 
which  I  have  used  with  wire-cloth  electrodes,  in  which  the  current 
gap  was  never  more  than  one- fourth  and  often  less  than  one-eighth 
inch,  and  in  which  I  never  found  indications  of  short  circuits. 

DISCUSSION  OF  KESULTS. 

It  will  be  observed  that  the  best  results  of  the  experiments  between 
Nos,  21  and  28  were  obtained  with  rich  solutions,  test  24  giving  the 
best  results  of  all.  The  experiments  ran  too  short  a  time,  probably 
because  the  handling  of  the  barrels  was  too  onerous.  The  cen- 
trifugal pump  would  have  removed  that  difficulty.  If  the  cathodes 
were  intermittently  used,  rusting  and  subsequent  stripping  must 
have  taken  place  and  lowered  the  results  during  the  short  time  of  the 
test. 

In  experiment  36  the  wire  cloth  was  8-mesh.  Only  three  sheets 
were  placed  between  each  cathode;  hence  adequate  depositing  sur- 
face was  not  provided.  Though  most  of  the  solution  passed  beneath 
the  cathodes,  some  must  have  passed  through.  The  cathodes  had 
evidently  rusted  with  some  gold  and  silver  upon  them  from  a  pre- 
vious experiment.  This  corresponds  with  my  own  experience. 
Then  when  the  cathodes  were  used  in  experiment  36  the  gold  and 
silver  immediately  redissolved  where  the  cathode  had  rusted,  and 
until  the  rust  was  removed  the  current  was  wasted  in  reducing  the 
iron  oxide.  The  silver,  being  easier  to  reduce,  came  down  first. 
Experiments  37  and  38  seem  to  show  that  the  cathodes  were  in  better 
condition;  and  though  the  current  density  is  still  high,  the  ampere- 
hour  efficiency  4s  fair.  If  these  experiments  had  been  conducted 
exactly  as  directed,  the  results  obtained  would  have  been  better. 
Foul  mill  solutions  are  harder  to  treat  than  clean  solutions.  I  have 
successfully  treated  many  such  solutions,  as  well  as  similar  solutions 
saturated  with  lime.  The  solutions  at  the  Waihi  mine  contained, 
among  other  substances,  selenium,  probably  as  selenate  of  sodium, 
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which  is  usually  recovered  with  the  gold  and  silver  in  the  zinc 
clean-up.  The  real  difficulty  in  the  last  experiments  was  doubtless 
the  rusting  of  cathodes,  through  intermittent  use.  One  of  the 
cathode  plates  sent  me,  though  carefully  packed,  was  covered  with 
rust.  ' 

AT  TEAHSVAAL  GOLD  UINIirO  ESTATES. 


Some  experiments  were  made  with  iron-wire  cloth  cathodes  at 
Transvaal  Gold  Mining  Estates,  Pilgrim's  Rest,  South  Africa,  by 
A,  Scrymgeour  in  August,  1905.  The  description  given  here  is  con- 
densed from  a  report  presented  by  him  to  W.  W.  Mein.  The  pre- 
cipitation box  used  was  of  1  cubic  foot  capacity,  the  cross  section 
not  being  stated.  The  anodes  were  one-sixteenth  inch  iron  plates  with 
one-fourth  inch  holes.  The  cathodes  were  of  wire  gauze,  the  m^, 
area,  and  construction  not  being  stated.  The  first  experiments  were 
made  with  working  solutions  containing  an  average  of  4  penny- 
weights gold  per  ton,  copper  as  a  double  cyanide,  and  0.016  per  cent 
and  0.0087  per  cent  cyanogen  and  protective  alkali.  A  long  series  of 
experiments  gave  an  average  precipitation  of  about  25  per  cent  of 
the  gold  after  a  half  hour's  contact. 

The  average  precipitation  of  our  ordinary  Siemens  and  Halske  box  is  75  per 
cent  for  four  hours*  contact  (eight  times  as  long),  so  that  the  Christy  method 
panned  out  appreciably  better,  but  against  that  there  is  the  fact  of  clean 
anodes  and  higher  amperage.  As  there  was,  however,  a  considerable  discrep- 
ancy between  these  results  and  Prof.  Christy's,  a  clean  solution  of  sodium 
anrocyanide  was  made  up  and  a  series  of  experiments  done  therewith. 

The  precipitation  was  most  exceptional — ^75  to  80  per  cent  on  half  an  liour'f 
contact  With  clean  solutions  of  aurocyanide  the  iron  plates  were  scarcely 
attacked,  but  with  working  solutions  the  plates  became  extremely  foul  with 
iron  and  copper  cyanides  and  had  to  be  cleaned  up  every  week,  the  resulting 
"  blue  "  containing  7.9  ounces  to  the  ton,  which  is  extremely  high  for  so  short 
a  period. 

With  working  solutions  the  free  cyanide  was  consumed  to  the  extent  of  about 
25  per  cent 

The  very  high  rates  of  flow  (1  foot  a  minute)  mentioned  in  Prof.  Christy's 
paper  gave  practically  no  precipitation.  One  foot  in  four  minutes  seemed  most 
effective  in  our  experimental  box. 

The  wire-gauze  cathode  gave  a  very  nice  and  clean  deposit 

In  this  brief  report  some  details  are  missing.  The  section  of  the 
cathodes,  the  skin  area  of  their  surface,  the  current  density,  the 
current,  and  the  voltage,  are  not  stated ;  therefore  it  is  not  possible 
to  explain  the  low  result  obtained  at  the  rate  of  flow  of  1  foot  per 
minute.  With  the  foul  solutions  treated,  iron  anodes  should  not 
have  been  used,  but,  instead,  perforated  peroxidized  lead  anodes 
The  presence  of  copper,  moreover,  introduces  difficulty  in  the  pre- 
cipitation of  the  gold  by  any  process,  as  will  be  considered  later. 
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EXPEBIMENTS   WITH   PEBOXIDIZED   ANODES. 

These  experiments,  like  those  previously  described,  were  conducted 
in  the  latter  part  of  the  year  1905  by  A.  Scrymgeour  on  copper  and 
gold  bearing  cyanide  solutions.  The  lead  plates  were  peroxidized 
in  permanganate  of  potassium  solutions  and  were  one-fourth  inch 
thick,  with  five-eighth  inch  holes.  The  holes  were  too  large  and 
were  probably  too  few  in  number.  The  results  were  better  than 
with  iron  anode& 

"  The  cathode  gave,  upon  the  whole,  a  good  deposit,  but  a  slight 
furling  of  the  copper  was  noticed  at  the  higher  amperages."  The 
solutions  treated  contained  0.046  to  0.065  per  cent  copper,  0.004  to 
0.006  per  cent  alkali,  and  0.0064  to  0.013  per  cent  cyanide.  The  rate 
of  flow  varied  from  one-eighth  to  one-third  of  a  foot  per  minute, 
and  the  current  was  0.014  to  0.033  ampere  per  square  foot  of  cathode 
surface.  The  original  content  of  gold  was  1.05  to  2.2  pennyweights, 
which  after  one  hour  became  reduced  to  1.25  and  0.3  pennyweight, 
with  16  to  71  per  cent  recovery.  In  this  and  in  other  experiments 
there  were  evidences  of  cathodes  having  rustfed  from  intermittent 
use. 

In  one  test  a  clean  solution  of  sodium  aurocyanide  was  treated, 
the  rate  of  flow  being  one-eighth  foot  per  minute  and  the  current 
0.014  ampere  per  square  foot.  The  original  content  was  2.2  penny- 
weights, becoming  reduced  after  one-half  hour  to  0.40  pennyweight, 
and  after  one  hour^  to  0.10  pennyweight,  showing  an  extraction  of 
95  per  cent.  In  only  one  or  two  tests  was  there  any  evolution  of 
gas.  The  current  density  used  by  Siemens  and  Halske  is  given  as 
only  0.006  ampere  per  square  foot,  and  Scrymgeour,  judging  by 
that,  evidently  thought  it  best  not  to  push  the  current  density  too 
far.  The  density,  however,  was  not  sufficient  to  ihsure  a  good  pre- 
cipitation. The  best  results  were  obtained  with  the  higher  current 
densities. 

EXF£SIl[£irrS  AT  BOODEFOBT  CENTSAL  DEEP,  1905. 

FIBST  GBrOITP  TESTS. 

In  1905  some  experiments  were  made  at  Roodeport  Central  Deep 
mines,  in  South  Africa,  by  Gabriel  Andreoli.  In  these  experiments, 
after  some  preliminary  work  with  low  current  densities,  similar  to 
those  usual  in  the  Siemens  &  Halske  process,  the  box  was  operated  at 
such  a  density  as  "  to  just  allow  a  slight  evolution  of  gas  to  be  visible 
at  the  electrodes."    To  quote  further  from  Andreoli's  report: 

The  results  of  this  experiment  being  in  my  opinion  very  encouraging,  It  wiU 
perhaps  be  Interesting  if  I  give  full  details: 

Space  of  box  occupied  by  anodes  and  cathodes,  slightly  under  1,5  cubic  feet, 
say  90  pounds. 
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Flow  of  solution  through  box  maintained  during  the  experiment  &t  - 
per  minute  (0.0642  cubic  feet  per  minute  or  a  velocity  througli  tK>x=«*»~ 
per  minute)  =duty  64  times  capacity  of  box. 

Twelve  anodes  1  foot  square  of  ^-Inch  sheet  iron  perforated  "w:- 
holes;  24  cathodes  in  pairs,  each  cathode  consisting  of  fire  sbeets 
screening  clamped  and  connected  together,  l-inch  space  bet^^een  an* 
cathodes.  Current  at  start  10  amperes,  slight  evolution  of  gas  app^rest 
subsequently  reduced  in  stages  to  7  amperes,  maintaining  ev^olatiin: 
at  electrodes. 

KCy  and  alkalinity  tested  right  through  the  experiment;  and   prain.< 
alteration,  KCy  0.068  per  cent,  alkalinity  expressed  as  NaHO=O.Q21^  ^ 

Value  of  solutions: 

Before  first  circulation,  8.04  pennyweights  per  ton. 

After  first  circulation  (drip  sample  at  foot  of  box)  1  penziywe;;: 
ton. 

Recovery,  87.5  per  cent.    Duty,  64:1. 

Before  second  circulation  3.66  pennyweights  per  ton. 

After  second  circulation  0.6  pennyweight  per  ton. 

Recovery,  81.4  per  cent.    Duty,  64:1. 

Total  recovery,  91.5  per  cent.    Duty,  32 :1. 

If  It  had  not  been  for  the  accident  of  mixing  the  1-pennyweight  solnti*-: 
some  of  the  original  solution  I  feel  certain  that  the  total  recovery  woil- 
shown  a  more  striking  figure. 

As  It  Is  I  consider  this  very  successful  as  compared  with  tlie  Sieiy 
Halske  process  which  in  this  plant  gives  an  average  recovery  from  solui. 
only  70  per  cent  and  the  duty  compared  to  capacity  being  2.5 :1. 

The  experiment,  however,  seems  to  contradict  Prof.  Christy's  daizDS  da 
process  is  economical  from  an  electrically  efficient  point  of  view.  I  ma.^ 
on  succeed  in  obtaining  good  precipitation  with  a  lower  current  densitr,  ; 
was  in  this  experiment  extremely  high,  namely,  0.3  ampere  x>er  squan 
of  anode  surface.  Normal  Siemens  &  Halske  practice  here  is  0.04  amp*?:* 
square  foot  of  anode  surface. 

If  it  is  found  that  such  a  high  current  density  Is  necessary  for  suo*" 
precipitation  then  insoluble  anodes  will  be  indispensable;  but  to  any  «*>* 
customed  to  the  so-called  Prussian  blue  produced  on  a  Siemens  &  Halske ; 
Its  treatment  Is  not  a  formidable  matter. 

In  the  three  experiments  tlie  gold  precipitated  on  the  cathodes  was  t 
form  of  a  bright  deposit  with  perhaps  the  exception  of  the  last  experi: 
where  the  gold  on  the  lower  part  of  the  box  was  Inclined  to  be  slimy,  bci : 
was  to  be  anticipated,  considering  the  high  current  density  used. 

In  regard  to  the  statement  that  the  electrical  efficiency  is  b' 
that  which  I  have  found  it  to  be  in  my  own  experiments,  I  ma.v  5 
that  my  own  experiments  are  perhaps  a  sufficient  answer  and  '^ 
no  data  were  given  to  justify  criticism.  The  voltage,  the  duratio: 
the  test,  the  quantity  of  solution  treated,  and  the  average  nuroN' 
amperes  are  not  given  by  which  the  results  might  have  been  rj' 
lated.  Moreover,  it  was  afterwards  found  that  the  tanks  used  » ' 
old  chlorination  tanks  already  saturated  with  gold,  which  intnxJi- 
a  handicap  that  no  process  would  overcome, 


EXPEBIMENTS  AT  ROODEPORT  CENTRAL  DEEP,  1905;  127 

SECOND  GBOITP  TESTS. 

The  following  description  of  further  experiments  at  Roodeport, 
in  1905,  is  from  the  report  that  Andreoli  rendered  to  Mr.  W.  W. 
Mein: 

From  the  results  I  have  obtained  so  far  it  is  noticeable  that  I  have  only  had 
satisfactory  results  on  the  occasions  when  a  heavy  current  density  has  been 
used,  find  the  production  of  by-products  due  to  the  use  of  iron  anodes  has  been 
considerable ;  and  on  the  lines  which  I  have  been  working  the  use  of  insoluble 
anodes  appears  imperative.  I  have  communicated  witfi  you.  and  a  set  of 
peroxide  of  lead  anodes  is  being  made. 

As  you  will  notice  from  the  results  obtained  in  experiment  6,  the  duty  of  the 
box  is  considerably  higher  than  anything  the  Siemens  &  Halske  process  has 
approached,  besides  being  much  more  effective,  but  the  competition  to  be  met 
from  the  Siemens  &  Halske  process  is  negligible ;  it  is  the  ordinary  zinc  precipi- 
tation which  has  to  be  met.  Here  again  experiment  6  gave  an  equal  precipita- 
tion result  at  a  higher  proportion  of  dally  flow  to  the  capacity  of  the  box 
than  even  the  zinc  process  and  with  the  expenditure  of  more  electrical  power. 
So  far  as  I  can  see,  the  duty  of  the  Christy  box  can  be  raised  still  further 
until  a  practical  limit  is  reached.  This  is  what  Prof.  Christy  has  claimed  all 
along;  large  quantity  of  solution  treated  in  a  small  cubic  space,  but  I  can  not 
up  to  the  present  indorse  the  economy  of  electrical  power  or  electrochemical 
efficiency.  I  propose  at  some  future  date  to  repeat  a  rapid  circulation  experi- 
ment, such  as  the  patent  specification  insists  on,  but  the  result  of  my  No.  1 
exi)eriment  and  Scrymgeour's  experience  are  not  encouraging. 

In  the  last  month's  experiments  the  cathodes  (made  of  mill  screening)  re- 
ceived under  the  high-current  density  conditions  a  remarkably  hard  and  bright 
deposit 

The  following  is  a  summary  of  the  experiments  made  this  month : 

Experiment  Jf, — Speed  of  flow  Increased  to  6  pounds  per  minute.  Value  before 
first  circulation,  3.1  pennyweights;  after  first  circulation  (dip  sample),  0.4 
pennyweight ;  recovery,  87  per  cent ;  duty,  96 :1. 

Value  before  second  circulation.  0.88  pennyweight;  after  second  circulation 
(dip  sample),  0.34  pennyweight;  recovery,  61  per  cent;  duty,  96:1.  Total  re- 
covery, 90  per  cent ;  duty,  96 : 1. 

Experiment  5. — Current  high,  as  In  Nos.  3  and  4 ;  speed  of  flow  increased  to 
10  pounds  per  minute.  Duty,  160  times  capacity  of  box.  Evolution  of  gas  only 
apparent  at  lower  end  of  box,  and  eventually,  as  current  dropped,  it  had  to  be 
increased  to  maintain  evolution  of  gas  at  electrodes.  Value  before  first  circu- 
lation, 5.4  pennyweights;  after  first  circulation  (dip  sample),  .1.2  pennyweights; 
recovery,  77.77  per  cent ;  duty,  160 : 1. 

Value  before  second  circulation,  1.52  pennyweights;  after  second  circulation 
(dip  sample),  0.54  pennyweight;  recovery,  64.51  per  cent;  duty,  160:1.  Total 
recovery,  90  per  cent ;  duty,  80 : 1. 

Experiment  6. — Considering  that  the  experiments  summarized  above  were 
very  satisfactory  from  the  point  of  view  of  duty,  percentage  of  recovery,  but 
that  the  lowest  values  of  solutions  were  0.34  pennyweight  (experiment  4) 
and  0.54  pennyweight  (experiment  5),  this  experiment  (No.  6)  was  made  on 
solutions  of  low  value,  to  determine  the  possibility  of  reducing  solutions  to  the 
low  gold  values  which  obtain  in  our  current  practice  here. 

Current  strength  as  high  as  in  Nos.  3,  4,  and  5,  namely,  10  ampereg, 
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Rate  of  flow  of  solution,  4  pounds  per  minute.  Value  before  first  circula- 
tion, lost  in  assay  office;  after  first  circulation  (dip  sample),  0.46  pennyweight; 
before  second  circulation,  0.62  pennyweight;  after  second  circulation  (dip 
sample),  0.12  pennyweight;  recovery,  80.64  per  cent;  duty,  64:  L 

Experiment  7. — Since  this  experiment  (No.  6),  was  fairly  successful,  expert- 
ment  7.  was  made  at  a  higher  rate  of  flow  (6  poimds  per  minute);  and  a  lower 
density,  6  amperes,  which  showed  an  evolution  of  gas  right  through  the 
experiment,  on  the  lower  half  of  the  set  of  electrodes.  Value  before  first  cir- 
culation, 0.6  pennyweight;  after  first  circulation,  0.28  pennyweight;  before 
second  circulation,  0.52  pennyweight ;  after  second  circulation,  0.46  pennyweight 

This  experiment  I  considered  either  salted,  or  incorrect,  and  the  experiment 
was  repeated. 

Experiment  7a. — ^EiVOlutlon  of  gas  profuse  right  through  the  experiment 
Value  before  first  circulation,  1.55  pennyweights;  after  first  circulation,  0.44 
pennyweight;  before  second  circulation,  0.62  pennyweight;  after  second  cir- 
culation, 0.78  pennyweight 

I  have  entered  against  this  in  my  log  book  that  the  sample  of  second  drca- 
lation  must  have  been  crossed ;  but  now  I  believe  that  at  the  slow  rate  of  flow 
of  solution,  the  sample  before  circulation  is  incorrect,  as  the  solution  standing 
in  the  vats  some  24  hours  takes  up  more  gold  than  the  assay  return  showa 

Experiment  8. — Nos.  7  and  7a  giving  strong  evolution  of  gas  at  comparatlveJy 
low  current,  the  rate  of  fiow  was  increased  to  6  pounds  per  minute.  Results 
no  good  at  all.  Value  before  first  circulation,  0J2  pennyweight;  after  first 
circulation,  0.54  pennyweight ;  value  before  second  circulation,  0.56  penny- 
weight; after  second  circulation,  0.7  pennyweight 

Experiment  9. — ^Nos.  7,  7a,  and  8  having  given  results  of  no  value.  No.  9  was 
made  at  the  same  rate  of  flow  as  No.  8,  namely,  6  pounds  per  minute,  and  the 
current  was  increased  to  the  strength  used  in  No.  6,  which  gave  a  comparative; 
good  result  Value  before  first  circulation,  1.8  pennyweights;  after  first  circu- 
lation (dip  tomple),  0.3  pennyweight;  before  second  circulation  (dip  sample), 
(assay  not  done)  ;  after  second  circulation  (dip  sample),  (assay  not  done). 

I  notice  in  one  of  your  extracts  from  Prof.  Christy's  letters  that  he  says 
he  can  reduce  solutions  to  the  value  of  1  or  2  cents;  but  that  he  prefers  to 
make  it  only  10  or  12  cents.  This  latter  I  have  done  in  No.  6;  but  it  is  too 
high  for  our  normal  practice  here,  although  the  disadvantages  might  be  out- 
weighed (if  it  can  not  be  overcome,  which  I  do  not  believe)  by  the  economy  of 
initial  outlay,  efficiency,  simplicity  of  clean-up,  and  other  advantages  Inherent 
to  the  proces& 

DISCUSSION  or  BESULTS. 

In  comment  on  the  foregoing  experiments,  I  can  but  express  regret 
that  old  chlorination  tanks  had  to  be  used.  Evidences  of  the  salting 
of  the  solutions  at  the  most  critical  junctures  are  apparent.  The 
omission  of  a  record  of  the  voltage  and  the  amperage,  hour  by  hour, 
of  the  duration  of  the  experiment  and  of  the  volume  of  solution 
render  it  impossible  to  judge  the  ampere-hour  efficiency.  A  two- 
barrel  method  of  circulation  is  not  satisfactory,  for  the  reason  that 
the  velocity  of  flow  diminishes  with  the  diminishing  head  in  the 
head  tank,  except  when  constantly  regulated.  The  necessity  of  in- 
creasing the  flow  of  solution  as  the  liquid  becomes  impoverished  of 
its  gold  and  silver  content  can  not  be  too  positively  emphasized. 
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It  must  be  increased  till  the  evolution  of  gas  at  the  cathodes  either 
ceases  or  becomes  a  minimum.  Experimenters,  by  omitting  these 
precautions,  fail  to  obtain  the  results  and  the  efficiency  that  are 
possible.  It  is  true  that  gassing  at  the  anodes  need  not  be  stopped, 
but  some  fail  to  appreciate  the  effect  of  the  greater  precipitating 
surface  that  I  insist  on.  The  best  results  are  obtained  by  increasing 
simultaneously  the  cathode  surface,  the  current  density,  and  the 
speed  of  circulation.  The  current  density  should  be  kept  at  the 
highest  point  that  will  allow  the  metal  to  come  down  firmly  coherent 
and  to  increase  the  circulation  so  as  to  reduce  gassing  at  the  cathodes 
to  as  low  a  point  as  is  possible  with  the  highest  practicable  current 
density.  The  limit  of  current  density  is  reached  when  the  metal 
comes  down  as  a  slime,  and  as  it  forms  is  washed  off  by  the  solution. 

A  difficulty  that  Andrioli  must  have  met,  though  he  does  not 
mention  it,  was  the  intermittent  use  of  the  cathodes.  From  the  dates 
of  the  experiments  I  observe  that  the  interval  was  sufficient  to  cause 
the  rusting  of  the  iron  wires  beneath  the  gold.  Some  of  the  gold 
must  have  redissolved  in  the  first  part  of  his  later  experiments,  and 
whether  this  was  later  corrected  by  the  current  can  not  be  determined 
from  the  data  given. 

In  Scrymgeour's  experiments  and  Andrioli's  first  experiments  the 
large  amount  of  lime  in  the  solution  tested  seems  to  have  deterred 
them  needlessly  from  employing,  adequate  circulation.  I  have 
treated  solutions  rich  in  lime  at  velocities  of  flow  of  several  feet 
per  minute  through  gauze  cathodes  with  no  trouble  from  this  source. 
With  new  cathodes  trouble  sometimes  arises  from  a  nonconducting 
coating  of  oil  on  the  gauze  or  from  the  cathodes  having  been 
previously  used  and  allowed  to  rust  by  intermittent  use,  as  I  believe 
was  more  probably  the  case. 

I  wish  to  express  my  hearty  thanks  to  Messrs.  Hopkins,  Scrym- 
geour,  and  Andrioli  for  the  trouble  they  have  taken  with  these  tests 
and  my  realization  of  the  many  limitations  as  to  necessary  con- 
veniences and  with  constant  interruptions.  I  consider  the  results 
favorable  in  view  of  the  departure  from  the  directions  given  and 
from  the  conditions  that  I  would  have  desired. 

SNODOBASS  CTANIDATIOir  APFABATTTS. 

A  patent,  of  10  claims,  by  J.  Snodgrass  (U.  S.  patent  835329,  Nov. 
6,  1906),  appeared  shortly  after  the  experiments  that  have  been  de- 
scribed were  made.  The  apparatus  disclosed  in  the  patent  consists 
of  a  rectangular  box  through  which  the  solution  flows  only  once. 
The  bottom  of  the  box  is  covered  with  an  iron  plate,  which  is  con- 
nected with  the  negative  electrode.    The  cathodes  are  made  of  iron 

55372°— Bull.  150—19 ^9 
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frames  resting  on  the  bottom  cathode  plate,  and  either  faced  with 
iron-wire  gauze  of  100  meshes  to  the  inch  or  with  woven  cloth  of 
fine  texture,  coated  with  plumbago  or  with  plumbago  and  a  lead  ^ilt. 
The  anodes  are  wooden  boxes  with  coarse  cloth  sides,  filled  either 
with  gas  carbon  or  coke,  graphite,  binoxide  of  manganese,  or  peroxide 
of  lead.  The  solution  does  not  flow  directly  through  the  anodes, 
but  is  shunted  around  them.  Carbons  or  other  conductors  are  in- 
serted into  the  box  and  connected  with  the  positive  pole.  The  iron 
plate  connected  with  the  cathode  is  claimed  to  have  the  advantage 
that  any  metallic  powders  falling  on  it  from  the  cathode  are  pre- 
vented from  being  redissolved.  The  inventor  expressly  disclaims  the 
use  of  rapid  and  repeated  circulation  of  the  solution  through  the 
deposition  box,  and  urges  this  omission  as  an  advantage. 

It  is  apparent  that  effective  precipitation  under  such  conditions 
can  be  procured  only  by  making  the  box  large  and  costly  and  the 
clean-up  difficult  and  expensive.  To  circulate  the  solution  around 
and  not  through  the  anodes  sacrifices  one  of  the  benefits  of  pervious 
electrodes.  The  iron  plate  at  the  bottom,  on  which  the  cathodes 
rest,  is  a  good  feature. 

''  COKE  WHISEXBS  "  AS  AH  ELECTBODE. 

While  I  was  engaged  in  a  systematic  search  through  all  the  known 
elements  and  compounds  for  a  substance  that  would  serve  alternately 
as  an  anode  and  a  cathode  in  cyanide  solutions  I  received  a  specimen 
of  the  product  popularly  known  as  "  coke  whiskers."  This  substance 
was  produced  by  Dr.  J.  A.  Holmes  in  some  of  the  experiments  in 
coking  coal  that  were  imdertaken  by  him  at  the  Government  testing 
plant  at  St.  Louis,  Mo. 

The  product  closely  resembles  in  size,  shape,  and  color  the  hair  of 
a  negro's  head.  It  is,  however,  a  peculiarly  resistant  form  of  coke. 
It  is  but  slightly  attacked  by  the  strongest  nitric  acid  containing 
chlorate  of  potassium.  It  is  a  pervious  mass,  a  good  conductor  of 
electricity,  presents  an  enormous  surface  for  deposition,  and,  in  short, 
seemed  to  be  the  substance  I  had  been  looking  for.  It  was  not  a 
newly  discovered  substance,  but  had  been  previously  mentioned  by 
Percy.**    He  describes  the  substance  as  follows: 

Hairlike  form  of  coke. — ^Hairlike  tlireads  are  sometimes  observed  on  pieces 
of  coke.  They  are  nearly  solid,  and  under  the  microscope  occasionally  present 
some  what  the  appearance  of  a  string  of  t)eads,  soldered  together.  They  consist 
of  carbon,  which  seems  to  have  been  deposited  in  the  following  manner:  A 
bubble  of  tarry  or  hydrocarbon  vapor  and  gas,  in  escaping  from  the  surface  of 
the  coke,  becomes  more  highly  heated,  and  is  in  consequence  decomposed  with 

•  Percy,  John,  Metallurgy ;  fael.     1875,  p.  421. 
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the  separation  of  solid  carbon,  which  Is  deposited  as  a  continuous  coherent  film 
on  tlie  surface  of  the  bubble ;  a  second  bubble  escapes  through  the  carbonaceous 
shell  of  the  first,  and  is  similarly  decomposed,  forming  a  second  carbonaceous 
shell  attached  to  that  resulting  from  the  first  bubble ;  and  so,  by  a  continuous 
succession  of  such  deposits  of  carbon,  a  continuous  tube  of  carbon  Is  formed. 
Gas  would  continue  to  flow  through  this  tube,  depositing  carbon  In  Its  course 
on  the  Inner  surface,  until  at  length  the  tube  Is  converted  Into  a  nearly  solid 
fiber.  Such  appears  to  me  the  mode  of  formation  of  this  curious  halrllke 
matter,  though  I  am  by  no  means  certain  of  the  correctness  of  this  view.  I  have 
noticed  considerable  variety  In  appearance  in  the  specimens  of  hairlike  coke, 
which  I  have  examined  under* the  microscope.  This  Is  a  subject  that  deserves 
investigation  by  a  competent  microsc<H)ist 

From  some  accounts  of  the  experiments  at  the  testing  plant  at 
St.  Louis  I  understand  that  few  coals  are  capable  of  forming  the 
product  and  that  no  one  seems  able  to  control  the  conditions  that 
produce  it.  I  tried  to  get  quotations  on  the  product  in  quantities. 
One  coke  manufacturer  quoted  it  at  $20  per  ton,  but  could  not  guar- 
antee any  quantity  at  that  price.  The  subject,  however,  deserves 
further  investigation,  as  there  are  many  industrial  uses  to  which  such 
a  material  could  be  put. 

EZCELSIOE  CHABCOAL  AS  EIECTBODE. 

The  use  of  "  coke  whiskers  "  being  out  of  the  question  on  the  large, 
commercial  scale,  I  was  forced  to  have  resort  to  some  other  form  of 
carbon  that  would  be  a  substitute.  It  occurred  to  me  that  "  excelsior 
fiber,"  a  substance  very  generally  used  for  packing  and  in  the  up- 
holstering of  cheap  furniture,  might  be  made  into  a  pervious  mass 
presenting  a  precipitating  surface  like  zinc  shavings. 

Ordinary  charcoal  is  practically  a  nonconductor,  but  I  overcame 
the  difficulty  in  this  regard  by  heating  the  charcoal  with  metallic 
salts  of  silver,  copper,  or  lead.  I  found  that  such  charcoal  could  be 
converted  into  graphite  in  the  electric  furnace.  Better  still,  I  found 
that  it  was  not  necessary  or  even  desirable  to  use  the  electric  furnace, 
or  to  convert  the  excelsior  entirely  into  graphite,  as  charcoal  heated  to 
a  low  orange  became  an  excellent  conductor  without  the  addition  of 
any  foreign  substance  whatever.  Grass,  pine  needles,  straw,  hemp 
rope,  and  many  other  materials  also  would  serve,  if  coked  at  a  suffi- 
cient temperature ;  but  of  all  of  these,  excelsior  charcoal  proved  thfe 
best.  As  regards  ash  content,  for  example,  the  excelsior  was  found  to 
contain  only  about  1  to  3  per  cent,  whereas  pine  needles,  for  instance, 
often  carry  as  much  as  20  to  30  per  cent. 

I  thus  had  a  suitable  material  for  pervious  electrodes  that  could 
be  used  either  as  anodes  or  cathodes,  or  both  in  alternation.    I  found 
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that  gold,  silver,  and  copper  could  be  precipitated  upon  such  elec- 
trodes just  as  well  as  on  a  sheet  of  metal,  and  could  be  removed  by 
making  the  charcoal  cathode  into  an  anode  in  a  cyanide  solution. 
The  deposited  metal  could  then  be  concentrated  from  a  large  cathode 
surface  upon  a  small  one.  The  most  encouraging  feature  of  all  was 
that  the  charcoal  of  the  anodes  dissolved  in  the  solution  only  at 
very  high  voltages,  and  after  the  gold  and  the  silver  had  been  re- 
moved. The  action  on  the  charcoal  was  much  like  that  on  graphite, 
and  the  charcoal,  notwithstanding  the  large  surface  exposed,  was 
less  attacked  than  was  hard  carbon.  Caustic  lime  seemed  to  precipi- 
tate any  dissolved  substance  occasioning  any  discoloration ;  and  after 
aeration,  the  solution  so  treated  dissolved  gold  and  silver  as  well  as 
fresh  solutions  containing  the  same  amount  of  cyanide  would. 

THE   ELECTBOia    SITBFACE. 

The  area  of  surface  exposed  by  "  coke  whiskers  "  and  by  excelsior 
charcoal  is  an  important  consideration.  A  cylindrical  filament  of 
"  coke  whiskers,"  22  mm.  long  by  0.078  mm.  in  diameter  and  weigh- 
ing 0.18  mg.  has  a  skin  surface,  neglecting  the  area  of  the  ends,  of 
6.388  square  millimeters;  therefore  1  gram  of  fiber  represents  an  area 
of  about  300  square  centimeters.  Thirteen  grams  of  the  material  can 
be  packed  loosely,  without  difficulty,  in  a  space  of  384  cubic  centi- 
meters. Hence  a  gram  occupies  30  cubic  centimeters  and  has  300 
square  centimeters  of  precipitating  surface. 

"  Excelsior  charcoal "  filaments  may  be  produced  of  any  degree 
of  fineness.  One  average  filament  that  I  measured  was  25  mm. 
long,  0.165  nmi.  thick,  and  0.44  mm.  broad.  Its  skin  area  would 
be  30.25  square  millimeters,  or  0.3025  square  centimeters,  and  its 
weight  was  1.6  mg.  The  surface  of  excelsior  fiber  thus  may  ap- 
proximate 189  square  centimeters  per  gram.  The  area  for  a  given 
weight  is  then  less  than  two-thirds  that  of  an  equal  weight  of 
**  coke  whiskers."  Nevertheless  "  the  excelsior  charcoal,"  if  made 
fine,  is  not  so  pervious  to  the  solution,  and  on  the  whole  works  ex- 
tremely well. 

A  comparison  of  the  surface  area  of  simple  pervious  electrodes 
as  compared  with  the  compound  pervious  electrode  becomes  of  im- 
portance. When  excelsior  charcoal  is  placed  in  narrow  rectangular 
boxes  with  cheesecloth  sides  to  form  electrodes  that  may  stretch 
across  the  deposition  box,  two  forms  of  construction  are  possible.  If 
each  box  has  a  graphite  or  other  conductor  to  supply  tKe  current  we 
have  what  may  be  called  a  simple  pervious  electrode.  If  connected 
with  the  plus  pole  it  becomes  an  anode,  if  connected  with  the  minus 
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pole  it  becomes  a  cathode.  Instead  of  making  use  of  this  arrange- 
ment, pervious  anodes  of  another  kind  may  be  used.  These  may  be 
graphite  combs,  perforated  peroxide-of-tead  sheets,  or  the  peroxi- 
dized  lead  wire  anodes  previously  described.  Any  combination  of 
these  makes  a  suitable  working  system.  With  the  simple  pervious 
cathode,  having  both  sides  exposed  to  an  anode,  the  metal  extends 
downward  on  both  sides  and  penetrates  the  charcoal. 

The  simple  pervious  electrodes  have  given  excellent  results  in  the 
precipitation  of  metals  from  solutions,  but  have  the  disadvantage  of 
requiring  many  electrical  connections,  one  being  required  for  each 
anode  and  for  each  cathode.  As  a  consequence,  whenever  an  anode 
or  ca&ode  is  to  be  removed  there  is  trouble  in  establishing  and  pro- 
curring  the  electrical  connections.  Con- 
stant watchfulness  is  then  necessary  to  "  *■  "  "  " 
maintain  good  electrical  contacts.  "T^        ^"r 

In  figure  32  are  shown  two-  pervious 
cathodes,  c,  of  the  kind  described.  These 
may  be  supposed  to  be  made  either  of  wire 
cloth  or  of  fragments  of  coke  or  graphite, 
or  of  "  coke  whiskers "  or  excelsior  char- 
coal contained  in  a  suitable  box  with  sides 
of  cheesecloth,  and  placed  between  pervious 
anodes,  a.  It  would  ordinarily  be  supposed 
that  the  whole  of  the  inner  surface  of  such 
pervious  catLodes  would  be  effective  for  re-  fioom   82.  —  Pervioue   eiec- 

■    ■         ,1  ■■!,        t         ,iTT  trodes.     a.  Anode ;  o,  catli. 

ceiving  the  precipitate  of  metal.    However,      ^^^^ 
I  have  found  that  metal  precipitated  by  the 

electric  current  on  such  pervious  cathodes  forms  a  deposit  of  only 
moderate  depth.  The  depth  depends  on  the  permeability  of  the  ma- 
terial and  increases  with  the  free  interstitial  space.  When  granules 
of  graphite,  or  of  coke,  one-eighth  of  an  inch  in  diameter  are  placed 
in  such  frames,  the  metal  deposit  extends  into  the  electrode  to  a 
depth  of  about  1  to  3  granules.  With  wire  cloth  it  penetrates  to  a 
greater  depth,  but  in  all  types,  if  the  thickness  of  the  electrode  is 
great,  the  interior  (marked  0,  fig.  32)  receives  practically  no  de- 
posit, while  the  outer  portions,  marked  with  the  minus  sign  (— ), 
become  heavily  coated.  The  interior  may  be  said,  then,  to  be  in  an 
"  electrolytic  shadow."  Here  and  in  what  follows  regarding  this 
neutral  portion  of  the  pervious  electrode,  I  refer  only  to  the  metal 
that  is  deposited  by  the  electric  current,  and  not  to  that  deposited 
by  chemical  action  of  the  solution  on  the  material  of  the  electrode 
itself,  as  sometimes  happens.  The  depth  through  which  the  cur- 
rent penetrates  and  acts  on  the  solution  varies  from  one-eighth  to 
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one-half  inch  with  the  ordinary,  perviousness.  The  more  compact 
the  particles  of  the  conducting  substance,  the  shallower  will  be  tl» 
metallic  deposit,  until  at  the  extreme,  when  the  perviousness  dimin- 
ishes to  that  of  a  sheet  of  compact  metal,  the  deposit  does  not 
penetrate  the  cathode  at  all  and  is  deposited  on  the  surface.  The 
discovery  of  this  fact,  which  from  the  first  appeared  to  be  a  dis- 
advantage in  the  use  of  pervious  cathodes,  led  me  to  simplify  the 
pervious  electrodes  for  receiving  the  deposit  of  metal.  This  feature 
is  illustrated  in  figure  83. 

In  figure  33  is  shown  a  deposition  box,  A\  which  is  to  contain  the 
solution  of  a  metal  salt,  such  as  copper  sulphate,  or  cyanide  of  gold 
or  silver  and  potassium.    At  a'  is  shown  an  insoluble  anode  of  carbon 
or  platinum,  and  at  c'  a  cathode  also  of  carbon  or  platinum.     Now, 
if  there  be  placed  in  the  solution  be- 
I  tween  these  anodes  and  cathodes  a  pervi- 

"t"  ous  electrode,  made  either  of  sheets  of 

wire  cloth  or  a  mass  of  granules  of  coke, 
graphite,  "  coke  whiskers  "  or  "  excelsior 
charcoal,"  and  if  an  electric  current  be 
caused  to  enter  the  solution  at  the  anode 
a',  and  to  pass  out  by  the  cathode  <^, 
the  end  of  the  pervious  electrode  o  near- 
est the  anode  a'  becomes  charged  with 
negative  electricity,  as  indicated  by  the 
minus  sign,  and  copper  or  gold  and  sil- 
FionM  3S.— DeposiuoD  boi  with    ver  will  be  deposited  upon  that  side  of 
r+Tr'»/n«itI^i   psrt  ^w!    *^^  pervious  electrode  to  a  depth  of  one- 
e,  Mthoae;  A,  depoiition  boi.    eighth  to  one-half  inch  or  more,  depend- 
ing upon  the  perviousness.    The  oppo- 
site side,  indicated  by  the  plus  sign,  of  the  pervious  electrode  be- 
comes charged  with  positive  electricity  to  a  similar  depth  back  from 
the  face.     The  intermediate  part,  h,  of  the  pervious  electrode  is 
neither  negatively  nor  positively  electrified ;  and  practically  no  metal 
will  be  deposited  there.    My  first  improvement  consisted  in  utilizing 
this  idea  in  the  construction  of  what  may  be  called  a  compound 
pervious  electrode.    One  face  of  this  electrode  acts  as  an  anode  and 
the  other  face  as  a  cathode;  between  these  faces  is  a  part  acting 
neither  as  a  cathode  nor  as  an  anode,  simply  conducting  the  current 
as  a  solid  metallic  conductor  would  do. 

Figure  34  shows  the  manner  in  which  the  compound  pervious  elec- 
trodes are  used.  Only  the  electrodes  and  not  the  deposition  box  are 
shown  in  this  figure.    The  compound  pervious  electrodes  are  marked 
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e^  and  c,.  They  may  be  of  any  number  desired.  The  positive  electric 
current  enters  the  solution  by  means  of  a  simple  pervious  anode  e, 
the  whole  of  which  becomes  charged  with  positive  electricity.  At  a 
suitable  distance,  preferably  as  small  as  possible  without  short- 
circuiting,  is  placed  the  compound  pervious  electrode  marked  «,. 
The  side  c  nearest  the  anode  e  acts  as  a  cathode  and  is  marked  with 
a  minus  ( — )  sign.  The  middle  portion  b  is  neutral  and  is  marked  o. 
The  side  a  acts  as  an  anode  and  is  marked  with  a.  plus  (-{-)  sign.  At 
a  suitable  distance  is  placed  a  second  compound  pervious  electrode  e^, 
and  at  proper  distances  as  many  more  of  these  as  may  be  necessary. 
Finally  a  simple  pervious  cathode  e,,  marked  with  a  minus  ( — )  sign, 
is  provided  where  the  electric  current  leaves  the  solution.  The  man- 
ner in  which  I  prefer  to  arrange  such  a  . 
combination  of  compound  pervious  elec- 
'  trodes  is  shown  in  figure  35. 

In  figure  35,  at  B,  is  shown  a  large  tank 
or  reservoir  containing  the  solution  to  be 
treated,  and  at  A  the  deposition  box.  The 
solution  is  forced  to  circulate  through  the 
box  A  by  means  of  the  centrifugal  pump 
F,  driven  by  some  such  means  as  the 
motor  G.    The  circulation  is  from  the  tank 

B  through  the  deposition  box,  and  back  pigpeb  ai.— Arrangement  tor 
ag.m  repeatedlj  through  pip«  i,.  Ata,,  rd°T";T.~~"M 
solution  may  be  drawn  from  the  bottom  of  (o) ;  c,  caibode  i-) ;  e,,  f„ 
the  tank  and  supplied  to  the  tank  on  a        compound  pen-iou.  ei«- 

■^'^  trodea ;    e,   simple   pervlona 

float  at  the  top,  so  that  the  poor  solution  aoode;   e,,   simple   perrloua 

above  shall  not  mix  with  the  rich  solution  "tuoiie. 
below.  It  is  also  possible  to  circulate  the  solution  from  the  tank 
through  the  box  once  only,  provided  the  box  is  made  sufficiently  long 
to  insure  complete  precipitation  in  a  single  passage;  but  the  method 
shown  in  figure  35  is  preferable.  The  electric  current  enters  at  the 
simple  pervious  anode  e,  passes  through  the  solution  to  the  com- 
pound pervious  electrode  i^,,  then  through  the  solution  again  to  com- 
pound pervious  electrode  c„  and  so  on  to  the  simple  pervious  cathode 
e,,  by  which  it  leaves  the  box  thi-ough  the  ammeter  E.  At  C  is  shown 
a  suitable  voltmeter  for  determining  the  voltage  between  the  termi- 
nals of  the  deposition  box  A.  By  the  action  of  the  current  each  of  tho 
compound  pervious  electrodes  t>„  Cj,  etc.,  receives  a  metallic  deposit 
on  the  side  that  is  negatively  electrified.  The  side  a,  as  shown  in 
figure  34,  receives  no  metallic  deposit  and  the  part  h  practically  none, 
unless  by  the  chemical  action  of  the  electrode  itself,  while  the  side  c 
receives  the  deposit  as  a  whole.  The  part  marked  a  being  subjected 
to  such  action  as  occurs  upon  any  anode,  is  liable  to  be  attacked  by 


136 


ELECTRODEPOSITION   OF   GOLD  AND   SILVER. 


the  solution  unless  made  of  some  substance  insoluble  in  the  elec- 
trolyte. 

In  cyanide  solutions  "coke  whiskers"  and  "excelsior  charcoal" 
have  been  found  sufficiently  resistant  to  act  as  anodes  at  any  ordinary 
voltage  without  protection.  The  aerated  solution  has  the  same  solvent 
action  upon  gold  and  silver  as  does  a  pure  solution  of  the  same 
strength. 

Such  compound,  pervious  electrodes  may  also  be  termed  pervious 
bipolar  electrodes.  They  have  a  great  advantage  over  the  simple 
pervious  cathodes.  Thus  a  box  requiring  a  potential  drop  of  2.5 
volts  with  a  110- volt  current  can  be  arranged  with  40  current  gaps — 


Figure  35. — Arrangement  of  apparatus  for  use  with  compound  electrodes,  e,  SImpk 
pervious  anode ;  e^  €2,  compound  pervious  cathode,  and  et,  simple  pervious  cathode, 
other  letters  same  as  In  figure  30. 


namely,  1  pervious  anode,  39  compound  pervious  electrodes,  and  1 
simple  pervious  cathode.  There  being  only  two  electric  connections 
to  be  made,  any  intervening  compound  pervious  electrode  can  be 
removed  and  replaced  as  often  as  convenient  without  interrupting 
the  current.  If  the  simple  pervious  cathode  at'  the  end  is  to  be  re- 
moved, an  uncharged  one  can  be  placed  in  front  of  it  and  connected 
with  the  negative  pole,  when  the  other  can  be  removed  from  the 
circuit.  A  direct-current  service  of  220  volts  has  been  used,  but  I 
do  not  recommend  so  high  a  voltage,  on  the  whole,  on  account  of 
the  inconvenience  to  those  working  at  the  deposition  box.  It  is, 
however,  easy  to  protect  one's  self  from  shocks  by  wearing  rubber- 
soled  shoes,  or,  if  necessary,  rubber  gloves.  The  110-volt  current 
gives,  no  inconvenience  without  protection.  A  patent  (U.  S.  patent 
883170,  Mar.  31,  1908)  was  granted  me  for  the  electrodes  herein 
described,  and  further  details  may  be  found  in  the  claims  there  set 
forth. 
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many  readers  may  desire  to  verify  the  statements  here  made 
.o  try  the  process  on  their  own  solutions,  details  are  given  here 
complete  small-scale  tests.  Such  tests  always  should  precede 
^-scale  work,  for  by  so  doing  the  essential  factors  can  be  fore- 

and  the  necessary  size  of  plant  can  be  accurately  determined. 
pe  of  plant  used  by  the  writer  is  sh(mn  in  Plate  I.  ' 


y^ ^ ^ 

DEPOSITION    BOX. 


tie  early  experiments  were  made  with  a  box  10  inches  in  length, 
3h  afterwards  was  increased  to  13  inches,  as  shown  in  the  illus- 
ions, and  still  later  to  several  feet.  The  box  is  6  inches  deep 
*  4f  inches  wide  and  discharges  at  a  height  of  4^  inches.  It  is 
strated  in  Plate  II,  A. 

The  box  is  made  of  redwood  1  inch  thick.  The  end  joints  are 
in  with  a  tenon  and  two  pieces  of  string  are  laid  along  the  joints 
^jruise  the  wood,  causing  it  to  swell  tight  when  wet.  After  being 
led,  the  box  is  immersed  in  water  until  it  swells  tight.  It  is  then 
:en  out  and  partly  dried,  after  which  it  is  given  several  coats  of  a 
^cial  paint,  such  as  "  P  (fe  B  "  paint  made  from  residues  of  Cali- 
•nia  petroleum  dissolved  in  carbon  bisulphide.  It  is  in^iportant 
t  to  apply  the  paint  until  the  wood  has  swelled.  If  painted  first, 
e  box  can  never  be  made  tight.  Boxes  fitted  with  circular-saw 
Ints  leak  less,  as  a  rule,  than  those  with  planed  joints. 

ELECTBODE  BOXES. 

The  electrode  boxes  are  made  of  strips  of  soft  wood  one-half  inch 
lick  and  three-eighths  inch  wide.  On  the  bottom  is  nailed  a  strip 
\e-eighth  inch  thick  and  three-fourths  inch  wide.  These  are 
istened  together,  and  over  the  rear  side  is  stretched  a  piece  of  cheese- 
loth,  which  is  drawn  tight,  overlapping,  and  fastened  to  tjie  box 
nth  thick  "  P  &  B  "  paint. 

The  outside  dimensions  of  the  frames  as  constructed  are  4^  inches 
ivide  by  5J  inches  high.  The  inside  dimensions  are  3^|  inches  wide 
yy  4^  inches  high.  The  box  is  half  an  inch  deep.  The  inner  cross 
"lection  is  practically  16  square  inches  or  1  square  decimeter ;  that  is, 
one-ninth  square  foot  or  0.01  square  meter.  For -making  a  new  ap- 
paratus I  should  advise  an  inner  cross  section  of  4  by  4  inches,  mak- 
ing exactly  one-ninth  square  foot,  or  1  square  decimeter,  and  should 
modify  the  dimensions  of  the  deposition  box  accordingly. 

The  cover  of  these  boxes  is  made  three-eighths  inch  wide  and  one- 
fourth  inch  thick.    Stretched  over  the  inside  and  lapped  over  the 

outside  is  a  layer  of  cheesecloth,  which  is  fastened  to  the  frame  by  a 
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coat  of  thick  "  P  &  B  "  paint.  The  cover  is  provided  with  a  small 
pin  at  the  bottom  to  be  inserted  in  the  projecting  lip  at  the  bottom 
of  the  frame,  and  is  fastened  on  the  top  by^a  simple  clamp  made  of 
hard  rubber.  The  box,  when  thus  made  and  assembled,  holds,  ap- 
proximately 8  to  10  grams  of  excelsior  charcoal  in  a  space  10  by  10 
by  1.25  cm.  in  size.  The  box  should  be  put  together  in  such  a  manner 
that  the  cheesecloth  side  of  the  cover  is  in  direct  contact  with  the 
charcoal,  thus  leaving  a  space  of  one- fourth  inch  between  the  several 
boxes. 

When  these  boxes  are  used  as  compound  pervious  electrodes  they 
require  no  further  addition,  but  when  it  is  desired  to  use  them  for 
simple  pervious  cathodes  an  aperture  of  about  one-fourth  inch 
through  the  center  of  the  box  at  the  top  is  necessary  for  the  intro- 
duction of  the  electrode  rod  of  Acheson  graphite.  For  simple  per- 
vious cathodes,  however,  a  wire  of  iron,  silver,  or  copper  may  be 
used,  but  the  graphite  rod  is  preferable.  As  thus  constructed  and 
assembled  the  box  has  a  thickness  of  about  three- fourths  of  an  inch. 
Allowing  for  slight  irregularities  in  construction,  it  is  possible  to 
use  15  of  these  boxes  in  a  distance  of  1  foot  in  length  of  the  box; 
and  as  1  of  these  serves  as  an  anode,  there  are  14  effective  compound 
pervious  electrodes  in  each  foot  of  length  of  box.  Formerly  I  so 
made  these  boxes  as  to  contain  a  layer  of  charcoal  an  inch  thick,  but 
found  that  better  results  could  be  obtained  by  reducing  the  thickness 
to  one-half  inch.  Beyond  this  limit  it  does  not  seem  to  be  wise  to  go. 
With  the  compound  pervious  electrode  it  is  necessary  to  pack  the 
charcoal  as  thick  as  indicated,  namely,  at  least  10  grams  to  each  box, 
to  prevent  passage  through  the  charcoal  without  full  chemical  action. 
With  two  such  boxes  as  I  have  indicated  here — ^that  is,  with  28  cur- 
rent gaps — I  have  employed  a  voltage  of  110. 

CIBCULATINa    PUMP. 

In  order  to  give  a  small,  compact  precipitation  plant,  the  use  of  a 
centrifugal  or  other  circulating  pump  is  necessary.  The  pump  used 
in  the  small-scale  experiments  has  been  already  described.  For 
packing  the  stuffing  boxes  I  use  a  little  cotton  or  wool  soaked  in 
graphite  and  vaseline.  The  whole  interior  of  the  piunp  is  painted 
with  "  P  &  B  "  paint,  and  where  thus  protected  shows  no  signs  of 
wear  or  chemical  action.  The  only  part  of  the  pump  which  is  not 
thus  painted  is  the  shaft,  which  is  kept  bright  by  the  graphite  and 
vaseline.  I  use  two  pumps  on  the  same  bedplate  in  preference  to 
one  in  order  to  balance  the  side  thrust. 

The  deposition  box  that  I  have  here  described  has  4.28  liters 
capacity  up  to  the  water  line.  When  filled  with  15  electrode  boxes 
with  their  charcoal  content  the  clear  space  is  about  2.4  liters.    If  the 
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compound  pervious  electrodes  are  not  used,  I  prefer  to  use  anodes 
made  of  Acheson  graphite  or  the  wire  ones  of  peroxidized  lead. 
In  the  small  box  are  four  Acheson-graphite  rods  about  three-eights 
of  an  inch  in  diameter.  The  upper  ends  of  these  are  inserted  in  a 
graphite  bus  bar  having  conical  or  threaded  holes  an  inch  apart, 
thus  giving  an  anode  of  comb-shaped  form.  I  have  used  these 
graphite  anodes  repeatedly  at  4  volts  without  signs  of  disintegration. 

With  simple  pervious  anodes  I  place  an  anode  on  either  side  of  a 
cathode  or  between  each  pair  of  cathodes.  With  solutions  containing 
sulphates  I  prefer  to  use  the  peroxidized-lead  wire  anode  described 
on  page  100.  In  this  case  I  use  a  square  frame  made  of  painted  wood 
three-fourths  incjb.  wide  and  one- fourth  inch  thick.  Through  this  are 
stretched  six  lead  wires  about  one-eighth  inch  in  diameter,  coated 
with  peroxide  of  lead  in  the  manner  described.  The  wooden  frame 
is  coated  with  "  P  &  B  "  paint. 

In  assembling  the  apparatus  I  connect  the  two  suction  pipes  of 
the  double  pump  at  the  opposite  sides  of  the  solution  tank,  preferably 
from  near  the  bottom,  rather  than  from  the  top,  as  in  figure  35. 
The  pump  discharges  through  the  deposition  box,  and  the  solution 
returns  on  the  float  board  at  the  top  of  the  tank,  avoiding  admixture 
with  the  stronger  solution  below.  The  circulation  is  maintained 
until  the  gold  and  silver  content  of  the  solution  is  sufficiently  reduced. 

I  find  the  unit  deposition  box  that  I  have  described  very  con- 
venient for  use.    The  length  of  the  box  may  be  increased,  if  desired, 
or  the  same  result  may  be  attained  by  placing  one  box  behind  an- 
other, in  series,  until  sufficient  precipitating  surface  is  obtained. 
With  rich  solutions  containing  much  gold  and  silver,  I  have  had  the 
silver  deposit  so  fast  as  to  clog  the  filter  cloth,  a  growth  of  silver 
having  been  formed  on  the  outside  of  the  cover,  necessitating  the 
removal  of  this  from  time  to  time  to  clear  away  the  crystals  of  pure 
silver.    This  does  not  happen  with  poor  solutions.    However,  as  the 
interstitial  space  of  the  electrodes  becomes  filled  with  gold  and  silver, 
and  particularly  if  the  solution  is  foul  with  lime  and  ferrocyanide 
of  potassium,  often  there  is  a  considerable  resistance  to  the  circula- 
tion of  the  solution.    There  are  two  remedies  for  this,  one  is  to 
reduce  the  speed  of  flow  and  the  other  to  increase  the  grade  of  the 
box.    I  have  frequently  in  precipitating  rich  solutions,  on  this  ac- 
coimt,  inclined  the  box  1  to  1^  inches  to  the  foot,'  and  have  experi- 
mented with  velocities  of  flow  ranging  from  2  to  5  liters  per  minute 
in  the  box  of  the  size  indicated.    If  the  actual  interstitial  space  in  the 
box  is  about  2^  liters,  the  actual  rate  of  flow  through  the  box  would 
be  1  to  2  feet  per  minute.     Such  a  rate,  however,  is  not  necessary 
with  rich  solutions.     It  will  be  noted  in  the  foregoing  that  even 
greater  velocities  of  flow  may  be  required  with  dense  currents  and 
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low  metallic  content  of  solution  to  obtain  rapid  precipitation.  When, 
toward  the  end,  the  solution  becomes  much  reduced  in  metal  the 
charcoal  becomes  choked  with  hydrogen  bubbles,  and  the  grade  of  the 
box  must  be  increased  or,  with  a  high  rate  of  circulation,  the  box  wiD 
overflow. 

DISTBIBUTION  OF  PB.ECIPITATION  IN  THE  DIFFEBEKT  GEItLS. 

When  simple  pervious  anode3  and  cathodes  are  used,  there  is  a 
uniform  voltage  throughout  the  whole  deposition  box,  and  the  metal 
is  precipitated  on  the  outer  side  of  each  cathode  uniformly  through- 
out the  box.  With  compound  pervious  electrodes  a  uniform  distribu- 
tion of  voltage  can  be  obtained  if  the  charcoal  is  carefully  packed 
so  as  not  to  leave  any  clear  path  for  the  electric  current  through 
the  solution  and  not  throjigh  the  charcoal.  There  is  always  a 
tendency  for  the  charcoal  to  settle  in  the  box,  and  there  is  frequently 
a  clear  passage  for  the  current  along  the  water  line  or  along  the 
edges  of  the  frame.  In  order  to  prevent  thi^,  care  should  be  taken 
in  packing  the  boxes.  Moreover,  electrode  cells  may  be  staggered 
by  wedging  them  close  to  alternate  sides  of  the  deposition,  box, 
although  it  is  preferable  to  avoid  such  grooves  in  a  small  exj>eri- 
mental  box,  as  they  complicate  cleaning  in  preliminai^  tests.  In 
large  boxes  grooves  are,  of  course,  necessary.  With  proper  precau- 
tions taken,  the  fall  of  voltage  is  very  uniformly  distributed  through- 
out the  box ;  but  there  is  nearly  always  a  tendency  for  the  diflFerence 
of  potential  between  the  first  two  boxes  and  the  last  two  boxes  to  be 
greater  than  between  the  others.  If  the  boxes  are  carelessly  packed 
the  difference  may  be  considerable.  On  this  account  the  first  anode 
in  the  compound  pervious  electrode  box  should  be  a  graphite  comb 
or  of  peroxidized-lead  wires.  This  distributes  the  current  imiformly 
across  the  whole  section  of  the  box,  and  somewhat  reduces  the  re- 
sistance. 

If  the  distribution  of  the  voltage  throughout  the  box  is  unifonn 
and  the  circulation  of  the  solution  through  all  parts  of  the  box  is 
also  uniform,  the  precipitation  of  gold  and  silver  will  be  very  uni- 
form. With  the  compound  pervious  electrodes  the  coating  of  silver 
seldom  is  more  than  one-eighth  to  three-sixteenths  or  at  most  one- 
fourth  inch  thick,  but  there  is  always  a  tendency  for  the  simple 
pervious  cathode  at  the  end  of  the  box  to  become  more  thoroughly 
coated  than  the  others,  owing  to  the  leakage  of  current  from  the 
upper  electrodes.  For  this  rea3on  it  is  good  policy  in  treating  very 
rich  solutions  to  replace  the  last  simple  pervious  electrode  at  the 
end  of  the  box,  as  it  becomes  charged  with  silver  and  gold,  more 
frequently  than  the  others.  The  compound  pervious  electrodes  also 
should  be  examined  at  intervals,  and  if  the  metallic  precipitate  tends 
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to  creep  up  on  the  outside  of  the  cover,  giving  danger  of  short- 
circuiting,  it  13  best  to  remove  the  covers,  replace  them  with  fresh 
ones,  and  when  convenient  remove  the  silver  from  the  coated  covers. 
If  desired  the  metal-laden  charcoal  may  be  replaced  continuously, 
for  no  harm  is  done  if  any  one  of  the  compound  pervious  electrodes 
is  removed  from  the  series  and  replaced  by  another  with  fresh  char- 
coal. 

The  experimental  deposition  box  shown  in  Plate  II,  J.,  I  have 
found  most  convenient.    Boxes  a  and  6  are  of  the  same  dimensions 
and,  as  has  been  described,  are  13  inches  long  on  the  inside  and  are 
capable  of  holding  12  inches  of  electrodes,  allowing  three-fourths 
inch  for  the  distribution  of  the  incoming  solution  at  the  head  of  the 
box  and  one-fourth  inch  for  the  discharge  at  the  tail  end.    Box  a  is 
shown  moimted  with  one  form  of  simple  pervious  electrodes.    There 
are  seven  simple  pervious  cathodes  filled  with  excelsior  charcoal  and 
eight  simple  pervious  excelsior-charcoal  anodes.    Each  box  is  pro- 
vided  with  an  Acheson-graphite  rod  for  the  distribution  of  the 
current  from  the  bus  bar,  the  anodes  being  connected  with  a  posi- 
tive bus  bar,  and  the  cathodes  with  a  negative  one.    At  c  are  shown 
two  of  the  simple  pervious  cathodes,  one  directly  beneath  the  other. 
The  only  difference  between  the  simple  pervious  anodes  and  the  cor- 
responding cathodes  in  this  form  of  construction  lies  in  the  one  being 
connected  with  the  positive  current  and  the  other  with  the  negative. 
At  d  are  shown  two  of  the  same  boxes  used  as  compound  pervious 
electrodes,  the  difference  being  that  the  electrodes  c  are  provided 
with  graphite  rods  for  connecting  them  with  the  bus  bar,  whereas 
electrodes  d  require  no  such  provision.     However,  as  the  simple 
pervious  cathode  has  silver  deposited  on  either  side  of  the  cloth,  such 
cathodes  are  more  convenient  when  made  with  a  rectangular  frame 
for  the  box  one-half  inch  thick  and  with  two  covers  one-fourth  inch 
thick,  provided  with  cheesecloth  backing,  so  that  the  covers  may  be 
removed  from  either  face  of  the  electrode  for  removal  of  the  char- 
coal.   This  construction  is  not  absolutely  necessary,  but  it  makes  the 
clean-up  more  convenient. 

The  box  6  shows  the  arrangement  for  a  number  of  compound  per- 
vious electrodes  and  is  the  form  that  I  prefer  foi^that  kind  of  work. 
At  the  head  of  the  box,  marked  with  a  plus  (+)  sign,  is  shown  the 
Acheson-^aphite  anode  by  means  of  which  the  positive  current  is 
introduced  into  the  solution.  This  anode,  shown  at  e,  may  be  termed 
the  Acheson-graphite  comb  anode.  It  consists  of  a  bus  bar  of  Ache- 
son  graphite  into  which  are  inserted  four  graphite  rods,  clamped  to- 
gether by  means  of  graphite  screws.  The  material  is  entirely  of 
graphite  except  the  little  brass  cap  to  which  is  fastened  the  copper 
connecting  wire.    The  advantage  of  the  Acheson-graphite  anode  is 
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that  it  more  thoroughly  distributes  the  current  over  the  whole  cross 
section  of  the  box  than  would  excelsior  charcoal  alone.  As  has  been 
said,  instead  of  the  Acheson-graphite  anode  the  peroxidized-lead  wire 
anode  may  be  used  and  is  preferable  if  sulphates  are  present.  In  any 
event  the  intervening  compound  pervious  electrodes  d  remain  un- 
changed. 

These  boxes  are  as  compact  a  form  of  construction  as  I  have  been 
able  to  devise  of  this  type.  In  each  box  the  solution  is  introduced 
into  the  box  by  the  centrifugal  pump,  flows  through  the  pervious 
electrodes,  and  out  of  the  box  again  into  the  main  tank.  It  will,  of 
course,  be  understood  that  the  grade  of  the  box  as  shown  in  Plate 
II,  -4,  is  for  convenience  in  representation.  The  grade  that  I  prefer 
to  use  is  about  1  to  1^  inches  to  the  foot. 

Alternative  arrangements  are  shown  in  Plate  II,  B.  At  a  is  shown 
a  very  satisfactory  form  of  simple  pervious  electrbde,  having  seven 
simple,  pervious,  Acheson-graphite  comb  anodes  and  eight  simple, 
pervious,  excelsior-charcoal  cathodes  similar  to  c,  Plate  II,  4,  the 
cathodes  being  all  connected  with  the  negative  bus  bar  and  the  anodes 
similarly  connected  to  the  positive  bus  bar. 

The  simple  pervious  electrodes  shown  at  a  in  Plate  II,  5,  are  on 
the  whole  preferable  to  those  at  a  in  Plate  II,  il,  as  the  anodes  of 
graphite  are  less  acted  upon  than  those  of  charcoal.  The  graphite 
anodes  may,  of  course,  be  replaced  by  those  of  peroxidized-lead  wira 

An  alternative  form  of  compound  pervious  electrode  is  shown  at 
h  in  Plate  II,  B,  The  current  here  enters  the  simple  pervious  anode 
marked  with  a  plus  (+)  sign,  passes  through  the  13  compound  per- 
vious excelsior-charcoal  electrodes  and  out  through  the  simple  per- 
vious cathode,  marked  with  a  minus  ( — )  sign  at  the  lower  end  of  the 
box.  As  the  simple  pervious  excelsior-charcoal  anode  is  not  so  good 
a  conductor  as  the  Acheson-graphite  or  the  peroxidized-lead- wire 
anode,  it  does  not  so  evenly  distribute  the  current  across  the  head  of 
the  box,  and,  as  stated,  I  prefer  the  Acheson-graphite  comb  anode  or 
the  peroxidized-lead  wire. 

Plate  m,  -4,  shows  the  apparatus  equipped  with  the  compound 
pervious  electrodes  such  as  was  used  to  handle  a  20-liter  charge. 
The  box,  6,  is  of  4.38  liters  capacity,  and,  with  the  electrodes,  2.4 
liters.  The  box,  together  with  the  tank  rf,  holds  22  liters  of  solution, 
a  convenient  charge  for  an  experiment. 

The  positive  current  passes  to  the  Acheson-graphite  anode  a, 
thence  through  the  compound  pervious  electrodes,  not  shown,  and 
out  through  the  simple  pervious  cathode,  c.  The  solution  overflows 
from  the  box  into  the  tank  and  then  passes  through  the  two  pumps, 
A,  and  back  again  through  the  box,  circulating  until  the  extraction 
is  completed.  The  motor,  gr,  shown  here  for  operating  the  pump  is 
needlessly  large.    A  compound  pervious  electrode  box  ready  for  use 
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compound  pervious  electrodes  I  prefer  about  5  pounds  of  charcoal 
to  the  cubic  foot  of  cathode  space,  and  for  simple  pervious  electrodes 
about  2^  to  3  pounds.  As  I  have  already  stated,  the  fine  charcoal  is 
put  at  the  back  or  the  anode  side  of  the  compound  pervious  electTX>des, 
care  being  used  to  fill  the  box  so  that  no  clear  space  is  left  for  a 
direct  passage  of  the  current.  This  is  particularly  necessary  Tirith 
the  compound  pervious  electrodes,  the  aim  being  to  pack  it  so  that 
on  being  held  up  to  the  light  no  light  is  seen.  When  so  packed  the 
^electrical  shadow"  or  neutral  part  will  also  be  complete.  Xhis 
leaves  80  to  90  per  cent  of  the  interior  of  the  box  for  solution  and 
deposited  metaL  The  material  should  be  packed  a  little  harder 
along  the  edges  than  in  the  middle^  An  inner  diaphragm,  mentioned 
in  the  S.  B.,Christy  patent  specifications,  I  have  found  unnecessary, 
provided  the  charcoal  is  carefully  packed  along  the  edges.  A  little 
^  P  &  B  '^  paint  at  the  edges  of  the  cheesecloth  prevents  electric  leak- 
age at  these  places. 

PEBMANENCE  OF  EZCELSIOE  CHASCOAL. 

If  the  excelsior  charcoal  is  burned  at  an  orange  heat  for  an  hour 
after  the  escape  of  gas  ceases  it  has  a  steel-blue  color,  and  I  find  that 
in  this  condition  it  is  very  little  acted  upon  by  the  current  even  when 
used  as  an  anode.  So  long  as  the  silver  and  the  gold  are  contained 
in  the  solution  the  charcoal  is  acted  upon  only  in  the  very  slightest 
degree;  but  after  the  gold  and  the  silver  have  been  precipitated^ 
particularly  if  much  caustic  potash  is  present  in  the  solution,  the 
charcoal  is  attacked  at  a  high  voltage  and  slowly  imparts  to  the 
solution  a  slight  color  like  that  of  very  weak  tea.  This  coloring 
matter  can  be  entirely  removed  from  the  solution  by  quicklime,  but 
such  removal  is  not  necessary.  I  have  found  the  action  of  the  solu- 
tion to  be  unimpaired  if  the  solution  is  thoroughly  aerated  before 
being  used  as  a  solvent  for  gold  or  silver. 

DETAILS  AND  &EStn[<TS  OF  TESTS. 

To  leave  no  doubt  as  to  the  possibilities  of  the  process  I  shall  go 
somewhat  into  detail  in  certain  experiments  made  by  me  on  various 
gold  and  silver  bearing  solutions.  The  form  of  tables  which  I  have 
adopted  I  believe  to  be  the  briefest  and  clearest  The  conditions  as 
to  the  circulation  of  the  solution  are  not  always  specified,  but  it 
should  be  understood  that  the  rate  has  usually  been  1  foot  per  min- 
ute. In  some  tests  a  lower  velocity  has  been  found  to  suffice  with 
solutions  very  rich  in  gold  and  silver,  but  with  an  impoverished 
solution  it  is  well  to  increase  the  circulation  to  the  rate  specified  to 
attain  a  satisfactory  rate  of  precipitation. 
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I  at  c  Ajt  f  is  the  cover  of  a  compound  pervious  electrode, 
ind  tills  is  seen  the  box  itself  filled  with  excelsior  charcoal 
>r  use.  rriie  Acheson-graphite  anode  is  shown  at  a.  In  the 
the  apparatus  is  a  pan  filled  .with  excelsior  charcoal  as  it 
roiTi  the  retort.  The  two  bottles,  ;;,  in  the  foreground  con- 
v^er  residues  from  the  clean  up  and  show  the  material  as  it 
{  after  roasting. 

Ill,  B,  from  a  photograph  taken  in  the  old  mining  building 

University  of  California,  shows  the  means  of  regulating  the 

The  laboratory  is  provided  with  a  110- volt  direct  current 

storage  battery  or  from  a  dynamo.    This  current  is  brought 

e  laboratory  at  a,  the  main  current  passing  through  the  resist- 

\,  ^2?  *^^d  rg.    By  connecting  iwith  varying  points  on  this  re- 

;e,  a  shunt  is  formed  with  any  desired  voltage  for  the  deposi- 

ox.     The  shunt  current  passes  the  ammeter  a  and  the  small 

able   resistance  r  and  through  the  deposition  box  and  back 

to  the  resistance.    A  voltmeter  to  terminals  of  box  is  shown  at 

tie  resistance  r  is  used  for  adjusting  the  voltage  accurately. 

is  means  a  slight  waste  of  current  results  in  the  experiment,  it 

e,  but  it  is  possible  to  get  any  voltage  needed  from  110  volts 

e  system  shown  was  resorted  to  after  many  experiments  with 
special  dynamos,  storage  batteries,  and  other  devices,  and  en- 
one  to  make  use  of  a  110-volt  direct  current  with  no  incon- 
nce.  Moreover,  by  the  means  shown  it  is  possible  to  regulate 
oltage  to  0.1  volt  and  keep  it  steady  all  day  if  necessary.  It  is 
^sary  only  to  change  the  point  of  application  of  the  shunt  or 
w  in  or  out  a  few  coils  in  r^  or  throw  in  or  out  a  few  of  the  lamps 
he  resistances  rj,  r,,  making  the  final  adjustments  by  the  re- 
.ncer. 

late  IV,  A,  shows  in  detail  the  arrangement  of  a  suitable  shunt 
jtance.  The  frame  carries  20  sockets,  in  which  may  be  inserted  in 
illel  electric-light  bulbs  of  any  desired  candlepower  supplying 
resistance.  These  resistances  are  convenient  and  they  are  used 
erally  about  the  laboratory. 

DE  OF  CHABGING  THE  BOXES  WITH  EZCELSIOB  CHABGOAL. 

Che  charcoal  as  it  comes  from  the  retorts  is  in  the  form  of  large 
1-like  masses  of  closely  interlocked  fragments.  I  loosen  up  the 
'eds  of  charcoal  carefully  so  as  to  reduce  the  breakage  to  a  mini- 
im  and  form  a  mass  of  homogeneous  threads.  The  material  is 
in  carefully  charged  into  the  boxes.  In  order  that  the  charging 
ly  be  uniform  I  prefer  to  counterpoise  the  box  on  a  weighing  scale 
d  to  add  the  charcoal  until  the  required  weight  is  obtained.    With 
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ad  pervious  electrodes  I  prefer  about  5  pounds  of  charcoal 
ibic  foot  of  cathode  space,  and  for  simple  pervious  electrodes 
\  to  3  pounds.  As  I  have  already  stated,  the  fine  charcoal  is 
16  hack  or  the  anode  side  of  the  compound  pervious  electrodes, 
ng  used  to  fill  the  box  so  that  no  clear  space  is  left  for  a 
assage  of  the  current.  This  is  particularly  necessary  with 
pound  pervious  electrodes,  the  aim  being  to  pack  it  so  that 
r  held  up  to  the  light  no  light  is  seen.  When  so  packed  the 
:al  shadow "  or  neutral  part  will  also  be  complete.    This 

0  to  90  per  cent  of  the  interior  of  the  box  for  solution  and 
d  metal.  The  material  should  be  packed  a  little  harder 
le  edges  than  in  the  middle.  An  inner  diaphragm,  mentioned 
.  B.,Christy  patent  specifications,  I  have  found  unnecessary, 

1  the  charcoal  is  carefully  packed  along  the  edges,  A  littie 
"  paint  at  the  edges  of  the  cheesecloth  prevents  electric  leak- 
lese  places. 

FEBIKANENCE  OF  EXGSLSIOB  CHAKCOAL.  | 

I  excelsior  charcoal  is  burned  at  an  orange  heat  for  an  hour  I 
i  escape  of  gas  ceases  it  has  a  steel-blue  color,  and  I  find  that 
ondition  it  is  very  little  acted  upon  by  the  current  even  when 
an  anode.  8o  long  as  the  silver  and  the  gold  are  contained  , 
slution  the  charcoal  is  acted  upon  only  in  the  very  slightest 
but  after  the  gold  and  the  silver  have  been  precipitated, 
arly  if  much  caustic  ptrtash  is  present  in  the  solution,  the 
is  attacked  at  a  high  voltage  and  slowly  imparts  to  the 
a  slight  color  like  that  of  very  weak  tea.  This  coloring 
:an  be  entirely  removed  from  the  solution  by  quicklime,  bat 
noval  is  not  necessary.  I  have  found  the  action  of  the  solu- 
be  unimpaired  if  the  solution  is  thoroughly  aerated  before 
led  as  a  solvent  for  gold  or  silver. 

detaha  and  besults  of  tests.  i 

ive  no  doubt  as  to  the  possibilities  of  the  process  I  shall  go 
it  into  detail  in  certain  experiments  made  by  me  on  various 
1  silver  bearing  solutions.     The  form  of  tables  which  I  have 

I  believe  to  be  the  briefest  and  clearest.  The  conditions  as 
lirculation  of  the  solution  are  not  always  specified,  but  it 
«  understood  that  the  rate  has  usually  been  1  foot  per  mio- 

some  tests  a  lower  velocity  has  been  found  to  suffice  with    , 
i  very  rich  in  gold  and  silver,  but  with  an  impoverished 

it  is  well  to  increase  the  circulation  to  the  rate  specified  to 

satisfactory  rate  of  precipitation. 
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The  capacity  of  the  boxes  containing  the  charcoal  electrodes  is  not 
quite  so  great  as  of  those  containing  the  wire-gauze  electrodes. 
On  account  of  the  permanence  of  the  charcoal,  however,  in  first  ex- 
periments it  is  better  to  treat  charges  of  20  liters  at  a  time  until 
familiar  with  the  manipulations.  Results  can  be  obtained  then  in  a 
single  day's  work  and  samples  taken  in  the  uninterrupted  course  of 
the  precipitation.  Before  large-scale  work  is  begun  I  should  recom- 
mend charges  of  about  500  liters  per  day,  and  continuous  operation. 
In  this  event  samples  need  not  be  taken  so  often;  perhaps  once  in 
four  to  six  hours  will  suffice.  The  rise  in  cyanide  content  when  rich 
silver  ores  are  being  treated  will  not  be  as  rapid  as  in  the  small-scale 
work,  for  the  reason  that  the  large  volume  of  solution  treated  re- 
quires a  longer  time  for  extraction.  The  rate  of  increase  ought  to 
be  inversely  proportional  to  the  volume  of  solution. 

In  treating  ores  containing  much  silver  it  is  not  necessary  to  assay 
continuously,  for  if  a  sample  of  1  c.  c.  of  the  solution  is  taken,  and 
to  it  is  added  1  c.  c.  of  dilute  sulphuric  acid  a  precipitate  of  cyanide 
of  silver  shows  silver  to  be  still  present  in  the  solution  to  the  amount 
of  4  to  5  mg.  per  100  c.  c.  From  the  density  of  this  precipitate  the 
silver  content  can  be  closely  estimated  by  eye.  The  rate  of  precipi- 
tation, in  treating  rich  silver  ores,  can  also  be  determined,  if  the  volt- 
age is  imifoml,  by  the  fall  of  amperage.  3o  ^ong  as  the  silver  is 
present  the  current  will  be  high,  but  as  soon  as  the  silver  content 
of  the  solution  falls  the  current  also  falls.  As  regards  silver,  results 
plotted  on  cross-section  paper  clearly  indicate,  by  the  form  of  the 
ampere  curve,  the  point  where  the  silver  is  substantially  removed. 
With  gold  solutions  this  does  not  apply  so  strictly.  The  most  eco- 
nomical point  to  stop  precipitation  is  after  the  cyanide  content  ceases 
to  increase  and  begins  to  decrease.  I  strongly  recommend  the  plot- 
ting on  cross-section  paper  of  results  obtained  in  all  experiments. 
Such  representation  shows  the  facts  in  a  striking  manner  and  gives  a 
better  idea  than  can  be  obtained  by  examining  numerals. 

TAKING    SAMPLES. 

For  ordinarily  rich  solutions  100  c.  c.  portions  of  solution  have 
been  used  as  samples.  The  sample  is  evaporated  in  a  lead  boat  at  a 
gentle  heat  with  a  good  but  not  a  strong  draft.  The  evaporation 
takes  place  in  an  hour.  The  ears  of  the  boat  must  not  be  folded 
tight  or  capillarity  will  cause  the  solution  to  climb  and  dry  on  the 
sides  of  the  boat,  leading  to  mechanical  losses  and  low  results.  The 
dried  residue  in  the  boat  is  sprinkled  with  a  little  boracic  acid,  scori- 
fied, cupelled,  and  parted  in  the  ordinary  way.  For  very  low  grade 
gold  solutions  I  prefer  to  take  603  c.  c.  of  solution  for  evaporation, 
and,  after  scorifying,  cupelling,  and  parting,  to  weigh  the  button  of 

55372**— Bun.  150—19 ^10 
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gold  in  milligrams.  Then  every  milligram  represents  $1  in  gold 
per  ton  of  solution,  and  the  amount  is  obtained  directly  in  doUars 
and  cents.  This  weight  of  603,  or  more  accurately  602.9  grams  or 
approximately  602.9  c.  c.  of  solution,  I  call  the  "  California  gold  ton." 
With  low-grade  solutions  a  liter  sample  may  be  desired. 

I  always  prefer  the  evaporation  of  the  solution  to  any  other  method 
in  use,  as  it  is  absolutely  reliable  if  care  is  taken  to  avoid  mechanical 
loss.  With  100  c.  c.  samples  results  are  obtained  in  about  2  hours. 
The  evaporation  method  is  to  be  preferred,  but  the  following  method 
of  assaying  cyanide  solutions  is  satisfactory  also,  except  for  solutions 
very  rich  in  cyanide : 

To  100  c.  c.  of  cyanide  solution  add  6  to  7  c.  c.  of  a  10  per  cent 
lead  acetate  solution,  then  add  3  grams  of  zinc  shavings,  heat  just 
short  of  boiling,  add  200  c.  c.  of  strong  hydrochloric  acid,  and  heat 
again  just  below  boiling  so  as  not  to  break  up  the  lead  sponge  which 
forms.  When  the  zinc  has  been  nearly  dissolved,  remove  the  pre- 
cipitate of  spongy  lead,  squeeze  as  dry  as  possible  upon  a  piece  of 
test  lead,  dry  gently  upon  the  hot  plate,  wrap  with  the  test  lead  into 
the  form  of  a  ball  and  place  upon  the  cupel.  The  time  required  to 
prepare  the  sample  for  the  cupellation  is  15  to  20  minutes.  This 
method,  suggested  to  me  by  Mr.  F.  J.  Buel,  I  have  found  to  be  par- 
ticularly satisfactory  for  solutions  poor  in  gold  and  silver  and  not 
too  high  in  cyanide.  When  there  is  a  large  amount  of  free  cyanide 
present  the  results  are  sometimes  low.  Where  the  gold  and  silver 
content  of  the  solution  is  very  low  and  it  is  difficult  to  recover  the 
gold  bead,  which  is  sometimes  very  small,  it  is  sometimes  an  ad- 
vantage to  add  1  c.  c.  or  more  of  a  standard  silver  nitrate  solution 
before  precipitation.  The  silver  nitrate  will  be  precipitated  on  the 
lead  and  add  to  the  size  of  the  bead,  preventing  loss  on  cupellation. 
If  desired  to  estimate  the  silver,  one  can  deduct  the  value  of  the  silver 
nitrate  added. 

USE  OF  AMMETERS  AND  VOLTMETERS. 

It  is  absolutely  impossible  to  do  any  satisfactory  work  with  electri- 
cal precipitation  without  having  constantly  in  the  circuit  a  reliable 
ammeter  and  a  voltmeter  at  the  terminals  of  the  cell.  It  is  absolutely 
necessary  to  know  what  amount  of  current  is  passing  through  the 
solution.  When  these  instruments  are  used,  short  circuits  are  in- 
stantly detected  by  the  fall  of  potential  and  the  rise  in  amperes,  and 
it  is  desirable  to  record  these  results,  as  I  have  done,  to  Imow  what 
is  happening. 

ADVANTAGE  OF  USING   METRIC  VALUES. 

In  investigations  of  this  sort  it  is  important  to  express  results  in 
simple  form  and  to  arrange  the  simultaneous  variables  in  commen- 
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urate  units.  The  metallurgy  of  the  precious  metals  has  been  greatly 
etarded  by  the  antiquated  method  of  reporting  gold  and  silver  in 
ounces,  pennyweights,  and  grains  Troy,  with  other  variables  in 
)ounds  avoirdupois  or  in  that  uncertain  unit,  the  ton,  which  may 
nean  either  the  short  ton  of  2,000,  the  long  ton  of  2,240,  or  the  metric 
on  of  2,204.6  pounds.  The  American  custom  of  reporting  gold  in 
ioUars  and  cents  is  not  much  better,  for  there  is  always  the  uncer- 
tainty as  to  whether  the  silver  has  been  figured  at  variable  current 
prices,  or  at  one  dollar  an  ounce.  The  natural  difficulties  of  the 
problem  are  numerous  enough.  No  one  who  has  endeavored  to  cor- 
relate work  done  in  Korea,  Australia,  South  Africa,  Mexico,  South 
Ajnerica,  and  the  various  American  regions  can  fail  to  desire  the 
elimination  of  all  complexity  possible. 

The  use  of  the  metric  system,  estimating  large  values  in  metric 
tons  of  1,000  kilograms,  and  small  values  in  kilograms,  grains,  or 
tnilligrams,  has  an  enormous  advantage.  Values  for  volumes  and 
specific  gravities  are  easily  converted  into  definite  weights  without 
the  uncertainties  of  the  various  incommensurate  English  units.  For 
instance,  if  gold  and  silver  are  reported  in  milligrams  per  100  c.  c.  of 
solution,  ten  times  that  number  gives  the  number  of  milligrams  per 
liter  (practically  per  kilogram)  and  the  number  is  at  once  the  num- 
ber of  grams  of  gold  and  silver  per  metric  ton  of  solution. 

If  the  milligram  weight  of  gold  per  100  c.  c  is  multiplied  by  $6.03 
we  have  approximately  the  assay  value  of  the  gold  solution  per  ton 
in  dollars  and  cents.  If  the  milligram  weight  per  100  c.  c.  of  either 
gold  or  silver  be  multiplied  by  0.29166+,  the  number  of  ounces  per 
ton  of  2,000  pounds  will  result.  Or,  if  we  multiply  by  0.3  we  have 
the  approximate  number  of  ounces  of  metal  per  ton  of  solution. 

Of  these  methods  of  expressing  values,  the  most  useful  is  the 
expression  of  grams  of,  gold  and  silver  per  metric  ton  of  solution. 
This  method,  already  widely  used  in  Mexico  and  in  most  Spanish- 
American  countries,  is  much  more  rational  than  the  one  used  in  this 
country. 

18  COMMERCIAL  CHARCOAL  SATISFACTORy  FOR  PERVIOUS  ELECTRODES  ? 

In  order  to  settle  this  point,  commercial  oak  charcoal,  used  in  the 
laboratory  as  fuel,  was  tested  with  60  volts.  No  spark  resulted  and 
no  current  passed  as  measured  by  a  milliammeter.  One  piece  only 
that  had  evidently  been  overheated  showed  a  trace  of  a  spark  at  50 
volts.  This  piece  was  rejected  and  the  remaining  74  grams  was 
crushed  to  between  6  and  8  mesh  size  and  filled  into  a  box  having 
cheesecloth  sides.  This  was  made  a  cathode  by  inserting  a  graphite 
rod  connected  with  the  negative  pole.  One  graphite  comb  anode  was 
used.    Three  liters  of  a  cyanide  of  silver  solution  with  0.1  per  cent 
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compound  pervious  electrodes  I  prefer  about  5  pounds  of  cL- 
to  the  cubic  foot^of  cathode  space,  and  for  simple  peirvious  eler- 
about  2^  to  3  pounds.    As  I  have  already  stated,  the  fine  char  . 
put  at  the  back  or  the  anode  side  of  the  compound  pervious  elecc 
care  being  used  to  fill  the  box  so  that  no  clear  space  is  leh 
direct  passage  of  the  current.    This  is  particularly   necessan ' 
the  compound  pervious  electrodes,  the  aim  being  to  pack  it  s>  i 
on  being  held  up  to  the  light  no  light  is  seen.    When  so  packt-J 
"electrical  shadow"  or  neutral  part  will  also  be  complete.  " 
leaves  80  to  90  per  cent  of  the  interior  of  the  box  for  solution  | 
deposited  metal.    The  material  should  be  packed  a    little  bi 
along  the  edges  than  in  the  middle^    An  inner  diaphragm,  mentxi 
in  the  S.  B.,  Christy  patent  specifications,  I  have  found  unnet^e&j 
provided  the  charcoal  is  carefully  packed  along  the  edges.    A  J 
"  J*  &  B  "  paint  at  the  edges  of  the  cheesecloth  prevents  electric  ii 
age  at  these  places. 

PERMANENCE  OF  EZCELSIOB  CHASGOAI.. 

If  the  excelsior  charcoal  is  burned  at  an  orange  heat  for  an  ii 
after  the  escape  of  gas  ceases  it  has  a  steel-blue  color,  and  I  find  'J 
in  this  condition  it  is  very  little  acted  upon  by  the  current  even  «:J 
used  as  an  anode.  So  long  as  the  silver  and  the  gold  are  contd.i 
in  the  solution  the  charcoal  is  acted  upon  only  in  the  very  sligl*' 
degree;  but  after  the  gold  and  the  silver  have  been  precipitsi 
particularly  if  much  caustic  potash  is  present  in  the  solution,  I 
charcoal  is  attacked  at  a  high  voltage  and  slowly  imparts  to  I 
solution  a  slight  color  like  that  of  very  weak  tea.  This  colf'rl 
matter  can  be  entirely  removed  from  the  solution  by  quicklime.  ' 
such  removal  is  not  necessary.  I  have  found  the  action  of  the  s  ' 
tion  to  be  unimpaired  if  the  solution  is  thoroughly  aerated  heU 
being  used  as  a  solvent  for  gold  or  silver. 

DETAILS  AND  &ESXJLTS  OF  TESTS. 

To  leave  no  doubt  as  to  the  possibilities  of  the  process  I  shafli' 
somewhat  into  detail  in  certain  experiments  made  by  me  on  var: 
gold  and  silver  bearing  solutions.    The  form  of  tables  which  I  fw 
adopted  I  believe  to  be  the  briefest  and  clearest    The  condition?  ^ 
to  the  circulation  of  the  solution  are  not  always  specified,  but 
should  be  understood  that  the  rate  has  usually  been  1  foot  per  mi- 
ute.    In  some  tests  a  lower  velocity  has  been  found  to  suffice  ^ 
solutions  very  rich  in  gold  and  silver,  but  with  an  impoveriijk'- 
solution  it  is  well  to  increase  the  circulation  to  the  rate  specifiei- 
attain  a  satisfactory  rate  of  precipitation. 
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a  capacity  of  the  boxes  containing  the  charcoal  electrodes  is  not 
so  great  as  of  those  containing  the  wire-gauze  electrodes, 
ccount  of  the  permanence  of  the  charcoal,  however,  in  first  ex- 
nieiits  it  is  better  to  treat  charges  of  20  liters  at  a  time  until 
Liar  with  the  manipulations.  Results  can  be  obtained  then  in  a 
e  day's  work  and  samples  taken  in  the  uninterrupted  course  of 
precipitation.  Before  large-scale  work  is  begun  I  should  recom- 
1  charges  of  about  500  liters  per  day,  and  continuous  operation. 
tiis  event  samples  need  not  be  taken  so  often;  perhaps  once  in 

to  six  hours  will  suffice.  The  rise  in  cyanide  content  when  rich 
!r  ores  are  being  treated  will  not  be  as  rapid  as  in  the  small-scale 
i,  for  the  reason  that  the  large  volume  of  solution  treated  re- 
es  a  longer  time  for  extraction.  The  rate  of  increase  ought  to 
aversely  proportional  to  the  volume  of  solution. 
1  treating  ores  containing  much  silver  it  is  not  necessary  to  assay 
tinuously,  for  if  a  sample  of  1  c.  c,  of  the  solution  is  taken,  and 
t  is  added  1  c.  c.  of  dilute  sulphuric  acid  a  precipitate  of  cyanide 
iilver  shows  silver  to  be  still  present  in  the  solution  to  the  amount 
t  to  5  mg.  per  100  c.  c.  From  the  density  of  this  precipitate  the 
er  content  can  be  closely  estimated  by  eye.  The  rate  of  precipi- 
ion,  in  treal^ing  rich  silver  ores,  can  also  be  determined,  if  the  volt- 
5  is  unifoml,  by  the  fall  of  amperage,  ^o  long  as  the  silver  is 
*sent  the  current  will  be  high,  but  as  soon  as  the  silver  content 
the  solution  falls  the  current  also  falls.  As  regards  silver,  results 
ytted  on  cross-section  paper  clearly  indicate,  by  the  form  of  the 
ipere  curve,  the  point  where  the  silver  is  substantially  removed, 
ith  gold  solutions  this  does  not  apply  so  strictly.  The  most  eco- 
•mical  point  to  stop  precipitation  is  after  the  cyanide  content  ceases 

increase  and  begins  to  decrease.  I  strongly  recommend  the  plot- 
ig  on  cross-section  paper  of  results  obtained  in  all  experiments, 
ich  representation  shows  the  facts  in  a  striking  manner  and  gives  a 
tier  idea  than  can  be  obtained  by  examining  numerals. 

TAKING    SAMPLES. 

For  ordinarily  rich  solutions  100  c.  c.  portions  of  solution  have 
een  used  as  samples.  The  sample  is  evaporated  in  a  lead  boat  at  a 
entle  heat  with  a  good  but  not  a  strong  draft.  The  evaporation 
akes  place  in  an  hour.  The  ears  of  the  boat  must  not  be  folded 
ight  or  capillarity  will  cause  the  solution  to  climb  and  dry  on  the 
ides  of  the  boat,  leading  to  mechanical  losses  and  low  results.  The 
Iried  residue  in  the  boat  is  sprinkled  with  a  little  boracic  acid,  scori- 
ied,  cupelled,  and  parted  in  the  ordinary  way.  For  very  low  grade 
;old  solutions  I  prefer  to  take  603  c.  c.  of  solution  for  evaporation, 
ind,  after  scorifj'ing,  cupelling,  and  parting,  to  weigh  the  button  of 
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0.1  per  cent  KHO  were  then  circulated  through  the  box  for 
,  with  the  following  results: 

Results  of  test  ictth  oak-charvoal  cathode. 


Tim., 

hours. 

VolM. 

»- 

BUmr,' 

'-- 

3,6 

0.080 

log^o: 

[penment  proved  beyond  a  doubt  that  such  charcoal  was  ' 
y  a  nonconductor.  The  silver  did  not  precipitate  on  the 
to  any  perceptible  extent,  but  came  down  firmly  on  the 
conducting  rod,  and  collected  slightly  between  the  grains 
lal.  There  may  have  been  some  chemical  action  by  the 
but  none  was  visible,  it  came  out  as  black  as  when  it  went 
charcoal  not  only  did  not  help  but  actually  hindered  and 
fvould  so  much' nonconducting  sand  adding  to  the  electric 


VLTS    OF    TEST    WrTH    EXCELSIOR    CHARCOAL    CATHOnES. 

iters  of  0.1  per  cent  KCy  solution  containing  0.1  per  cent 
IS  treated  with  a  single  pervious  cathode  of  10  grams  of 
charcoal,  which  had  been  ignited  at  a  low  yellow  heat.  The 
was  not  as  strong  as  had  been  used  before,  but  all  other 
}  were  similar.     The  results  were  as  follows : 

Results  of  test  with  excelsior-charcoal  cathodes. 


E' 

VolU. 

Amper.. 

KCy 
percoil. 

SB: 

H 

3.5 

'.2W 

S 

7,.« 

;« 

scipitation  was  practically  complete  in  four  hours,  which  is 
1  contrast  with  the  results  shown  of  the  previous  experiment, 
current  with  the  low  voltage  was  due  to  the  high  electrical 
ity  of  the  excelsior  charcoal. 


EXTENT  DOES  EXCELSIOR  CHARCOAL  ALONE  PRBCIPTTATE  SIL^IB; 

experiment  3.3  liters  of  0.1  per  cent  KCy  solution,  contair- 
r  cent  KHO,  were  circulated  through  14  grams  of  excelsior 
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charcoal  with  no  electric  current  passing.    The  results  were  as  fol- 
lows: 

Results  of  test  with  ewcelsior-charcoal  cathode  and  no  electric  current. 


Time, 
hours. 

Volt. 

Ampere. 

KCy  con- 
tent, per 
cent. 

Stiver,  mg. 
per  100  CO. 

0 
2 

4 

.  8 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0.0995 
.0965 
.0945 
.0935 
.0935 

124.40 
122.64 
120.78 
119.84 
110.86 

The  14  grams  of  excelsior  charcoal  had  precipitated  about  1  per 
cent  of  its  own  weight  of  silver.  The  loss  of  cyanide  was  small  and 
no  regeneration  occurred  as  in  the  experiment  in  which  electric  cur- 
rent was  employed. 

LOSS  or  CYANIDE  ON  CIRCULATING  THE  SOLUTION. 

Following  the  previous  investigation,  experiments  were  under- 
taken to  ascertain  whether  a  loss  of  cyanide  occurred  from  circulat- 
ing the  solution  with  the  centrifugal  pump.  It  was  found  that  no 
such  loss  took  place  in  the  circulating  solution  when  no  electric  cur- 
rent was  passing,  provided  protective  alkali  was  present,  but  that 
with  no  alkali  a  slight  loss  of  cyanide  occurred  in  eight  hours,  evi- 
dently due  to  the  presence  of  carbonic  acid  from  the  air. 

The  cyanide  titration  each  hour  gave  the  following  results : 

Results  of  test  for  cyanide  loss  from  circulation. 

Cyanide, 
per  cent. 

Beginning  of  test 4 0.1 

End  of  first  hour 1 .  099 

End  of  second  hour .0965 

End  of  third  hour .  0975 

End  of  fourth  hour .  0965 

End  of  fifth  hour .0955 

End  of  sixth  hour .0945 

End  of  seventh  hour .0935 

End  of  eighth  hour .0930 


EXPERIMENT  ILLUSTRATING  USE  OF  SIMPLE  PERVIOUS  CATHODES. 

An  experiment  was  undertaken  to  show  the  recovery  of  silver  and 
of  cyanide  of  potassium  from  a  rich  solution.  Only  four  simple 
pervious  cathodes  were  used.  The  current  gap  was  half  an  inch. 
'Hie  total  length  of  electrodes  in  the  box  was  9^  inches,  and  the 


150 


ELECTEODEPOSITION   OP  GOLD  AND  SILVEB. 


active  cross  section  of  the  cathodes  was  1  square  decimeter,  or  on^ 
ninth  square  foot,  which  is  the  active  cross  section  of  the  electrodes 
in  the  following  experiments. 

The  precipitation  in  four  hours  was  92.24  per  cent  of  the  silver,: 
whereas  the  cyanide  cqntent  increased  by  0.090  per  cent.  A  deposi- 
tion box  constructed  on  the  same  scale  and  holding  1  ton  of  solution, 
at  the  same  rate,  would  have  treated  36  tons  in  24  hours,  and  would 
have  precipitated  92,24  per  cent  of  the  silver. 

RECOVERY  OF  CYANmE. 

The  experiment  was  conducted  with  four  simple  pervious  cathodesi 
each  1  inch  thick,  and  with  a  half -inch  current  gap.  The  cathodes! 
were  of  excelsior  charcoal  and  had  a  total  nominal  area  of  8  square 
decimeters,  or  eight-ninths  square  foot,  but  the  actual  surface  area, 
which  was  incalculable,  was  much  greater.  The  rate  of  flow  was  2.1 
liters  per  minute.  The  current  density  was  less  than  2  amperes  per 
square  foot.  The  solution  was  one  of  KAgCyg,  and  contained  24 
grams  of  silver.    The  results  are  shown  in  the  following  table : 

Results  ahotoing  the  progressive  regeneration  of  cyanide. 


Hours. 

Volts. 

Amperes. 

Silver  content. 

KCyper 
cent. 

Mr.  per 
100  c.  c. 

Ounces 
per  ton. 

0 

1 
2 
3 
4 
5 
6 
7 

3.5 
35 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

2.0 

1.9 

2.15 

2.32 

2.25 

2.2 

2.05 

2.00 

120.15 

95.68 

68.26 

37.19 

9.48 

1.15 

.08 

.02 

35.06 

27.89 

19.90 

10.85 

2.77 

.34 

.02 

.006 

0.099 
.118 
.140 
.168 
.188 
.182 
.170 
.154 

The  preceding  table  shows  that  the  most  economical  point  at  which 
to  stop  the  precipitation  was  reached  in  four  hours,  for  at  that  time, 
with  only  four  cathodes,  92.24  per  cent  of  the  silver  was  precipitated 
and  the  cyanide  had  increased  from  0.099  per  cent  to  0.188  per  cent 
or  about  90  per  cent.  The  amount  treated  was  20  liters,  'or  6  times 
the  volume  of  the  box,  giving  a  capacity  of  26  tons  per  24  hours  for 
a  1-ton  box.  A  further  analysis  of  the  results  of  the  above  expen- 
ment  is  shown  in  the  following  table : 
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AnalyHs  of  results  of  experiment  tcith  simple  pervious  cathodes. 


Time, 
hours. 

Vohune 
of  solu- 
tion 
treated, 
Uters. 

Silver  deposited. 

Average 
ampere- 
hours. 

Theoret- 
ical 
weight 
of  silver 
depos- 
ited, 
grams. 

Ampere 
hour  effi- 
ciency, 
percent. 

KCy, 
percent. 

KCy,  gain  or  loss. 

Mr.  per 
ifter. 

Qrams. 

Hourly, 
grams. 

Total 
gain  or 

lORR, 

grams. 

1 
2 
3 

4 

5 
6 
7 

19.79 
19.68 
19.57 
19.46 

19.35 
19.24 
19.13 

244.7 
274.2 
310.7 
277.1 

83.3 

10.7 

.6 

4.843 
5.369 
6.081 
5.391 

1.612 
.206 
.011 

1.95 
2.  Otis 
2.235 
2.285 

2.225 
2.125 
2.026 

7.868 
8.070 
9.018 
9.220 

8.978 
8.574 
8.171 

61.53 
66.70 
66.73 
57.58 

17.95 

2.40 

.13 

+0.019 
+  .022 
+  .028 
+  .020 

-  .006 

-  .012 

-  .016 

+3.79 
+4.33 
+5.48 
+4.28 

1 

+  17.88 
-  6.63 

-1.16 
-2.31 
-3.06 

The  preceding  table  shows  that  the  ampere-hour  efficiency  is  high 
for  the  first  four  hours,  and  that  if  the  action  had  been  stopped  92.24 
per  cent  of  the  silver  would  have  been  recovered.  The  efficiency  of 
silver  deposition  was  still  fair  in  the  fifth  hour.  For  the  entire 
seven  hours  the  silver  precipitation  was  99.98  per  cent.  The  last  two 
or  three  hours  are  seen  to  have  been  wasteful  of  the  electric  current. 
The  increase  in  current  at  constant  voltage  is  probably  brought  about 


12846678 

HOURS 

Figure  36. — Electrodeposltion  results  with  moderately  rich  gold  solution;  4  simple 
pervious  cathodes,  each  1  inch  thick  and  containing  14  grams  "  excelsior  *'  char- 
coal, and  5  Acheson-graphlte  comb  anodes,  each  with  4  4-inch  rods.  Length  of 
box  occupied,  9i  Inches,  cross  section  1  square  decimeter,  8  cathode  faces.  Voltage, 
8|,  i-inch  current  gap.  Solution,  20  liters,  contained  20  grams  KCy,  20  grams  KHO, 
104  mg.  Au  as  KAuCy*.    Rate  of  flow,  3  liters  per  minute.    Compare  with  fig.  87. 

by  increased  conductivity  of  the  charcoal  due  to  the  deposited  metal 
on  it,  and  the  final  fall  marks  the  point  when  the  silver  was  nearly 
all  deposited  from  solution. 

TREATMENT  OF  A  GOLD  CTANIDE  SOLUTION  OF  MODERATE  RICHNESS. 

An  experiment  was  conducted  with  gold  cyanide  solution  instead 
of  silver  cyanide  solution,  but  all  other  conditions  were  identical 
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with  the  preceding  one.  The  original  content  of  the  solution  was 
$5.86  in  gold  a  ton.  The  results  are  shown  in  figure  36  and  in  the 
following  table : 

Resulta  of  experiment  icith  gold  solution. 


Hours. 

Volts. 

Amperes. 

Gold,  mnii- 

gramsper 

100  c.  c. 

Gold  per 
ton. 

KCy. 
percent. 

0 

3.5 

2.5 

0.97 

$5.85 

0.097 

1 

3.5 

1.6 

.66 

4.02 

.089 

2 

3.5 

1.47 

.14 

.84 

.081 

3 

3.5 

1.38 

.005 

.03 

.0735 

4 

3.5 

1.29 

Trace. 

Trace. 

.0675 

5 

3.5 

1.25 

Trace. 

Trace. 

.061 

6 

3.5 

1.19 

Trcce. 

Trace. 

.0545 

7 

3.5 

1.18 

Trace. 

Trace. 

.0485 

8 

3.5 

1.14 

Trace. 

Trace. 

L_ 

.0425 

Evidently  there  was  no  advantage  in  continuing  after  the  first  three 
hours,  as  3-cent  tailings  are  sufficiently  low.  Wliile  a  regeneration  of 
cyanide  is  possible  from  rich  silver  solutions,  it  is  not  usually  pos- 
sible with  such  gold  solutions  as  occur  in  practice.    A  steady  lo^ 


4 
HOUBS 

FiouRi  S7. — Electrodeposition  results  with  moderately  rich  gold  solution ;  six  compotwd 
pervious  electrodes,  each  1  inch  thick  and  containing  14  grams  "  excelsior  '*  charcoal, 
and  1  Acheson-graphite  anode.  Length  of  electrodes,  9i  inches;  six  cathode  facee; 
six  i-inch  current  gap  at  3.5  volts,  21  volts  in  aU.  Solution  and  rate  of  flov,  sum 
as  in  fig.  80. 

of  cyanide  occurs  with  these,  nearly  proportional  to  the  time,  but 
increasing  somewhat  with  the  decrease  of  gold. 

EXPERIMENT  WITH  USE  OF  COMPOUND  PERVIOUS  ELECTRODES. 

A  duplicate  of  the  preceding  experiment  in  all  conditions  other 
than  that  compound  pervious  electrodes  were  employed  was  next 
conducted.    (See  fig.  37;  compare  with  fig.  36.)    The  five  compound 
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pervious  cathodes  were  each  1  inch  thick.  The  length  of  the  elec- 
trodes in  the  box  was  &J  inches.  In  this  experiment  there  were  only 
six  cathode  faces  instead  of  eight,  as  before.  The  current  gap  was 
one-half  inch.  The  six  current  gaps  at  3^  volts  amounted  to  21 
volts.  In  three  hours  98  per  cent  and  in  four  hours  99  per  cent  of 
the  gold  was  precipitated  at  a  capacity  of  24  tons  per  24  hours  in  a 
1-ton  box. 


RECOVERY  or  SILVER  AND  REGENERATION  OF  CYANIDE. 

A  similar  experimwit  was  further  imdertaken  to  illustrate  the 
recovery  of  silver  and  also  the  recovery  of  cyanide.  In  the  experi- 
ment six  compound  pervious  electrodes  were  used,  each  1  inch  thick 
and  containing  14  grams  of  charcoal,  and  one  simple  pervious  Ache- 
son-graphite  anode.  The  six  current  gaps  were  one-half  inch  each. 
The  length  of  box  was  9^  inches,  and  the  solution  was  20  liters  in 
volume,  containing  20  grams  KCy,  20  grams  KHO,  and  silver  in  the 
form  of  KAgCyg.    The  results  were  as  follows : 

Results  of  experiment  to  show  recovery  of  silver  and  cyanide  regeneration. 


Hours. 

Volts. 

Ampere. 

saver. 

KCy, 
Percent. 

MiUIerams 
perlOOcc. 

Ounces 
per  ton. 

o.r 

21 
21 
21 
21 
21 
21 
21 
21 
21 
21 

a  730 
.709 
.691 
.622 
.590 
.820 
.820 
.813 
.759 
.740 

125.29 

86.97 

44.86 

16.21 

1.68 

126.95 

79.60 

30.36 

6.38 

.38 

36.6 

25.37 

13.01 

4.72 

.48 

87.00 

23.21 

&85 

1.57 

.11 

0.0985 
.1240 
.1670 
.1795 
.1830 

1 

2 

3 

4 

Added  KAgCy, 

.  6..... 

.219 
.252 
.251 
.236 

*6...: :.:... 

7 

8 

The  table  shows  that  during  the  first  four  hours  there  was  recov- 
ered 98.69  per  cent  of  the  silver  from  the  36.6  ounces  present  and 
0.0845  per  cent  of  the  KCy,  not  allowing  for  samples.  During  the 
second  four  hours  99.7  per  cent  of  the  silver  was  recovered  from  the 
37  ounces  present,  and  0.053  per  cent  of  the  KCy. 

EFFECT  OF  CURRENT  GAP. 

Some  experiments  were  undertaken  to  determine  the  eflFect  of 
current  gap  upon  capacity.  In  these  tests  the  electrodes  were  one- 
half  inch  thick  and  were  filled  with  excelsior  charcoal.  In  the  ex- 
periment in  which,  for  example,  the  current  gap  was  one-half  inch, 
each  box  was  one-half  inch  thick,  being  filled  with  charcoal  filaments, 
and  had  on  the  outside  a  one- fourth  inch  cover,  in  such  a  way  that 
two  of  these  one- fourth  inch  covers  were  face  to  face,  making  a 
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current  gap  of  one-half  inch.  The  maximum  capacity  for  a  95.5 
per  cent  precipitation  with  one-half  inch  current  gaps  was  found 
to  be  only  48  tons  for  a  1-ton  box  in  24  hours.  With  the  one- 
fourth  inch  current  gap  the  maximum  capacity  for  95.8  per  cent 
precipitation  was  144  tons,  or  nearly  three  times  as  great  The 
length  of  electrodes  in  these  experiments  was  9^  inches.  There  were 
in  the  first  experiment  eight  current  gaps  of  one-half  inch  at  ^ 
volts,  making  a  total  of  28  volts.  In  the  second  experiment  there 
were  11  current  gaps  of  one-fourth  inch  each*  at  3^  volts,  making 
a  total  of  38  volts. 

The  results  of  the  two  experiments,  for  which  curves  of  precipita- 
tion are  shown  in  figures  38  and  39,  are  well  worth  careful  study  I 
and  comparison.  I  strongly  advise  that  the  attempt  be  made  to  use 
the  smaller  current  gap  wherever  it  is  possible  to  do  so. 

EFFECT  OF   LIMB   ON    SILVER   PRECIPITATION. 

An  experiment  was  conducted  to  determine  the  effects  of  lime  on 
the  precipitation,  the  solution  containing  cyanide  of  silver  and  free 
KCy.  Compound  pervious  electrodes  were  used  and  one  simple 
pervious  Acheson-graphite  comb  anode.  There  were  11  cells,  each 
one-half  inch  thick,  and  11  one-quarter-inch  current  gaps  of  ^ 
volts  each,  giving  38^  volts  for  the  11  boxes.  The  20  liters  of  solution 
contained  20  grams  of  KCy,  and  10.2  grams  of  CaO,  together  with 
24.43  grams  of  silver  as  KAgCyj.  No  caustic  soda  or  potassa  was 
present.  The  precipitation  was  93.5  per  cent  complete  at  the  rate 
of  144  tons  per  1-ton  box  for  24  hours,  and  99.5  per  cent  complete  at 
the  rate  of  72  tons  per  1-ton  box  in  24  hours.  The  results  are  shown 
in  figure  40. 

It  is  evident  from  the  fall  in  the  content  of  protective  alkali  that 
the  caustic  lime  was  partly  converted  into  cyanide  of  calcium.  It 
was  noticed,  further,  that  the  fall  in  protective  alkali  was  coincident 
with  the  rise  in  free  cyanide,  and  that  when  the  silver  cyanide  ceased 
to  be  precipitated  the  protective  alkali  remained  nearly  constaiit- 
When  a  new  charge  of  cyanide  of  silver  was  added  the  protective 
alkali  again  fell  and  the  free  cyanide  increased.  The  regeneration 
of  free  cyanide,  in  short,  was  at  the  expense  of  the  protective  alkali. 
These  results  are  shown  by  the  curves  in  figure  40.  No  remark  need 
be  made  other  than  that  needed  to  call  attention  to  the  rate  of  pre- 
cipitation, which  was  93.5  per  cent  in  one  hour,  whereas  the  capacity 
was  at  the  rate  of  144  tons  a  day.  Furthermore,  at  the  rate  of  72 
tons  a  day,  99.5  per  cent  precipitation  was  obtained. 

SIMPLE  FERVI0T7B  CATHODES  WITH   SILVER  CYANIDE  AND  UHB. 

A  test  was  made  in  which  there  were  employed  six  simple  pervious 
charcoal  cathodes  and  six  simple  pervious  Acheson-graphite  com'' 
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anodes  as  electrodes ;  20  liters  of  solution  containing  20  grams  KCy, 
9.52  grams  CaO  or  0.476  per  cent  CaO,  38.714  grams  silver  in  the 
form  of  KAgCjj,  and  current  gaps  of  one-fourth  inch  and  a  voltage 
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FiouBB  38. — ElectrodepoBitloD  results  with  ricb  silver  solution, 
using  i-inch  current  gaps.  Eight  compound  pervious  charcoal 
electrodes,  each  one-half  inch  thick;  length  of  box  occupied,  9^ 
inches ;  cross  section,  1  square  decimeter.  Eight  current  gaps 
at  8i  volts,  28  volts  in  all.  One  Acheson-graphite  comb  anode. 
Solution,  20  liters,  contained  20  grams  KCy,  20  grams  KIIO, 
and  24.016  grams  Ag  as  KAgCy^.  Bate  of  flow  not  recorded; 
high.  Note  gain  in  KCy  while  Ag  is  being  precipitated;  loss 
afterwards 

of  3^.    The  cross  section  of  the  box  containing  the  electrodes  was  1 
square  decimeter,  and  the  total  length  was  9^  inches. 

On  plotting  the  results  it  was  found  that  the  amount  of  silver  in 
solution  closely  followed  the  protective  alkalinity.     Thus  as  the 
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silver    is   removed    the    content    of   protective    alkali    diminishes, 

while  at  the  same  time  the  free  cyanide  increases.  Certain  irreg- 
ularities in  the  conditions  of 
test,  due  to  the  lack  of  suffi- 
cient free  cyanide  of  j>otassium 
to  keep  in  solution  all  the  silver 
cyanide  that  was  deposited  on 
the  anodes,  caused  resistances 
that  made  the  current  irregular. 
The  blowing  out  of  a  fuse  also 
caused  some  irregularity,  and  it 
is  probable  that  there  was  some 
variation  in  the  amperes,  due  in 
part  to  short  circuits.  However, 
the  precipitation  from  the  rich 
solution,  notwithstanding  these 
irregularities,  was  found  to  be 
very  satisfactory. 

In  four  hours  the  precipitation 
was  99.Y4:  per  cent,  the  capacity 
being  at  the  rate  of  36  tons  for 
a  1-ton  box  in  24  hours.  For  a 
three-hour  period  the  precipita- 
tion was  92.85  per  cent,  the  ca- 
pacity being  at  the  rate  of  48 
tons  per  day  for  a  1-ton  box. 

The  solution  employed  was 
probably  as  rich  as  would  ever 
have  to  be  precipitated  in  prac- 
tice. Each  of  the  six  electrode 
boxes  held  4.66  grams  of  excel- 
sior charcoal,  or  28  grams  in  alL 
The  ash  from  this  charcoal,  in- 
eluding  the  silver,  the  lime,  etc, 
weighed  47.69  grams.  After  the 
soluble  salts  were  removed  with 
dilute  hydrochloric  acid  the  resi- 
due— silver  and  insoluble  silica- 
weighed  39.35  grams  as  against 
38.714  grams  of  silver  contained 
in  the  original  solution.  Hence 
there  was  soluble  in  hydrochloric 
acid  8.24  grams  of  substance,  is- 

eluding  the  hydrates  and  carbonates  of  lime  and  potassa  and  the 

soluble  constituents  of  the  ash. 
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FiQURi  89. — ElectrodepoBitlon  retultt  with 
rich  silver  solution,  using  |-inch  current 
gaps.  One  Acheson-graphlte  anode,  10 
compound  pervious  charcoal  electrodes, 
9i  Inches  long;  cross  section,  1  square 
decimeter;  1  simple  pervious  charcoal 
cathode.  Eleven  current  gaps,  at  8i 
volts,  or  88i  volts  in  all.  Solution,  20 
liters,  contained  20  grams  KCy,  20  grams 
KHO,  23.7  grama  Ag  as  KAgCys,  and  no 
lime.  Electrodes  choked  with  silver ; 
grade  increaesd  from  S  Inch  to  1)  inches 
per  foot ;  rate  of  flow  cut  from  3.6  to  0.2 
liters  per  minute  (210  to  150  per  hour)  ; 
velocity,  18.8  to  7.9  inches  per  minute. 
Note  increase  in  capacity  compared  with 
fig.  88. 
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Figure  40. — BlectrodepoBltion  results  showing  effect  of  Ume  on  the  precipitation.  One 
simple  and  10  compound  pervioifs  electrodes,  each  one-half  inch  thick  and  containing 
9i  grams  charcoal,  104  grams  In  all.  Eleven  one-fourth-incb  current  gaps  at  Si  volts, 
881  volts  in  all.  Solution,  20  liters,  contained  20  grams  KCy,  10.2  grams  (0.051  per 
cent)  CaO,  and  24.43  grams  of  silver  as  KAgCjs ;  24.43  grams  of  silver  as  KAgCy^  was 
added  at  4|  hours ;  no  NaHO  used.  Rate  of  flow,  5  liters  per  minute ;  velocity,  about 
10.7  inches  per  minute. 
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PRECIPITATION  OF  GOLD  FOLLOWING  THE  PRECIPITATION  OF  SILVER. 

An  interesting  experiment  was  made  in  which  two  successive 
charges,  the  first  of  silver  cyanide  and  the  second  of  gold  cyanide, 
were  treated  in  the  same  box.  The  electrodes  were  already  coated 
with  silver  and  therefore  were  in  excellent  condition  for  conduct- 
ing the  current  and  depositing  the  gold,  which  was  added  from  a 
cyanide  solution  containing  $24.36  per  ton.  In  one  hour  98.27  per 
cent  of  the  gold  was  precipitated,  the  capacity  for  a  1-ton  box  being 
at  the  rate  of  112  tons  per  24  hours.  The  results  are  shown  in 
Plate  V. 

It  is  evident  from  the  precipitation  curves  that  no  good  purpose 
was  served  in  continuing  the  precipitation  more  than  two  hours,  for 
when  this  was  done  cyanide  was  lost  and  little  gold  precipitated. 
The  precipitation  curves  are  found  to  be  all  logarithmic  ones,  and 
the  precipitation  extremely  rapid  at  first,  but  slow  toward  the  last. 
The  economical  period  of  the  precipitation  is  therefore  the  first 
few  hours,  and  this  factor  should  be  made  use  of  to  the  fullest  extent 
possible. 

In  conducting  the  experiment  one  simple  pervious  charcoal  anode 
with  graphite  rod  was  used  and  13  compound  pervious  electrodes, 
each  containing  10  grams  of  excelsior  charcoal.  A  cathode  of  the 
simple-pervious  type  containing  8  grams  of  excelsior  charcoal  was 
used.  There  were  14  current  gaps,  each  one-fourth  inch.  The  volt- 
age between  electrodes  was  3^  and  the  total  voltage  49.  The  elec- 
trodes were  1  square  decimeter  in  area  and  the  length  of  the  box  13 
inches.  The  solution,  20  liters  in  volume,  contained  20  grains 
NaHO,  20  grams  KCy,  24.07  grams  silver  as  KAgCyj.  The  rate 
of  flow  was  13.8  inches  per  minute. 

At  the  end  of  one  hour  87.2  per  cent  of  the  silver  was  precipitated. 
Hence  the  capacity  of  the  box  for  a  1-hour  treatment  is  4.67  times 
24,  or  112  tons  for  a  1-ton  box  in  24  hours.  In  1  hour  and  30 
minutes  there  was  98.70  per  cent  precipitated;  the  capacity  was 
4.67  times  18  or  84  tons  for  a  1-ton  box.  In  two  hours  99.78  per 
cent  was  precipitated,  hence  the  capacity  for  a  2-hour  treatment 
was  4.67  times  12,  or  56  tons  for  a  1-ton  box. 

At  the  end  of  this  experiment  0.808  gram  of  gold  in  the  form  of 
KAuCy2  and  0.685  gram  of  silver  as  KAgCyg  were  added  to  the 
solution  without  removing  the  electrodes  and  the  current  was 
started  as  before.  The  remarkably  good  results  shown  for  gold  are 
probably  due  to  the  fact  that  the  cathodes  were  already  coated 
thoroughly  with  metallic  silver,  which  made  them  an  excellent  con- 
ductor .and  facilitated  the  precipitation  of  the  gold. 

In  the  first  hour  there  was  precipitated  98.27  per  cent  of  all  the 
gold  present.    Hence  the  capacity  of  the  box,  which  contains  4.28 
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iters,  would  be  4.67  times  24,  or  112.08,  tons  for  a  1-ton  box  in  24 
ours.  At  the  end  of  the  first  two  hours  99.75  per  cent  of  the  gold 
ras  precipitated,  making  the  capacity  of  the  box  equal  to  4.67  times 
2,  or  56.04,  tons  for  a  1-ton  box  in  24  hours.  It  will  be  noticed  that 
here  was  no  advantage  in  rimning  after  the  first  two  hours,  as  the 
imount  of  gold  left  at  the  end  of  that  time  was  only  6  cents  per 
on.  This  content  was  reduced  in  the  full  three  hours  to  IJ  cents, 
)ut  it  was  accomplished  at  the  cost  of  destroying  the  total  remaining 
cyanide.  The  desirable  point  at  which  to  stop  the  precipitation  is 
hus  seen  to  have  been  probably  after  the  first  or  second  hour. 

THE  DIRECT  USB  OF  A  110-VOLT  CIRCUIT. 

An  experiment  was  undertaken  to  illustrate  a  mode  of  utilizing 
a  110-volt  circuit,  in  which,  for  the  purpose,  two  13-inch  boxes  such 
as  I  have  described  were  place<J  in  series.  These  were  given,  in  the 
first  part  of  the  experiment,  a  total  tension  of  98  volts,  having  alto- 
gether 28  current  gaps  at  3|  volts  each.  The  result,  as  regards  pre- 
cipitation, was  very  satisfactory.  During  the  first  half  hour  there 
was  precipitated  93  per  cent  of  the  silver,  giving  a  capacity  of  112 
tons  for  a  1-ton  box.  At  the  end  of  the  first  hour  99.8  per  cent  was 
precipitated. 

The  positive  current  was  introduced  by  a  simple  pervious  anode. 
Its  course  was  through  13  compound  pervious  electrodes,  out  through 
a  simple  pervious  cathode  to  a  simple  pervious  anode  at  the  head 
of  the  second  box,  and  thence  through  13  compound  pervious  elec- 
trodes to  a  simple  pervious  cathode.  To  adjust  the  voltage  a  resist- 
ance similar  to  that  shown  in  Plate  IV,  J.,  containing  twenty  32- 
candlepower  incandescent  lamps  connected  in  parallel,  was  put  in 
series  with  the  cells.  As  there  were  28  current  gaps  in  the  two 
boxes  at  3.5  volts,  the  total  voltage  was  98  volts. 

Jn  starting  the  experiment,  all  of  the  twenty  32-candlepower  lamps, 
connected  in  parallel,  were  placed  in  series  behind  the  box.  This 
gave  at  the  start  98  volts.  First  one  and  then  a  second  of  these 
lamps,  and  so  on,  were  disconnected,  to  adjust  the  voltage  and  to 
produce  the  effect  wanted.  The  total  length  of  electrodes  in  the 
two  boxes  was  24  inches;  the  current  gaps  were  each  one-fourth  inch. 
Twenty  liters  of  solution,  containing  20  grams  KCy  and  20  of 
KHO,  was  used.    The  results  are  shown  in  figure  41. 

In  the  first  half  hour,  at  98  volts,  93  per  cent  of  the  silver  was  pre- 
cipitated, the  capacity  being  equivalent  to  112  tons  for  a  1-ton  box 
for  24  hours.  At  the  end  of  the  first  hour,  at  98  volts,  99.8  per  cent 
Was  precipitated,  the  corresponding  capacity  being  56  tons  for  a  1-ton 
box  in  24  hours.  During  the  second  hour,  at  60  volts,  98  per  cent  was 
precipitated,  and  the  capacity  would  be  56  tons  for  a  1-ton  box.    The 
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rate  of  precipitation,  however,  had  nearly  reached  the  maximum, 
with  the  60-volt  charge,  at  the  end  of  the  fourth  hour,  •then  fell 
slightly  below  96  per  cent  in  one  hour,  but  at  the  end  of  the  sixth 
hour  was  99.85  per  cent. 

PREdPITATION   OF  RICH  GOLD  AND  SILVER  SOLUTIONS  IN   THE  PRESENCE 

OF  LIME. 

An  experiment  was  undertaken  to  determine  the  effect  of  caustic 
lime  (CaO)  on  the  precipitation  both  of  gold  and  silver  from  strong 
cyanide  solutions.    The  results  are  shown  in  Plate  VI. 

The  solution  contained  about  IJ  ounces  of  gold  and  1  ounce  of 
silver.  A  single  box  with  14  one- fourth  inch  current  gaps  was  used. 
The  results  are  to  be  compared  with  those  shown  in  figul*e  41,  where 
the  precipitation  was  more  rapid  on  account  of  the  electrodes  having 
been  previously  coated  with  silver  and  on  account  of  the  absence  of 
lime. 

In  treating  such  rich  solutions  there  is  no  necessity  of  reducing 
the  gold  content  much  lower  than  90  per  cent,  as  the  solution  is  used 
over  and  over  again.  The  presence  of  a  small  amount  of  gold  in  the 
leaching  solution  has  no  bad  effect  on  the  extraction.  The  most 
economical  results  are  obtained  in  that  way.  A  careful  examination 
of  the  curves  shows  the  point  at  which  to  stop  in  any  given  experi- 
ment. 

The  13-inch  box  contained  1  simple  pervious  anode,  13  compound 
pervious  electrodes,  and  1  simple  pervious  cathode.  Each  of  the  15 
electrode  boxes  contained  10  grams  of  excelsior  charcoal.  The  total 
length  of  electrodes  was  12  inches,  the  cross  section  being  1  square 
decimeter,  or  one-ninth  square  foot.  The  14  current  gaps,  of  one- 
fourth  inch  each,  at  3.5  volts,  required  49  volts.  Twenty  liters  of 
solution  were  treated,  containing  40  grams  of  KCy,  0.808  gram  of 
gold  as  KAuCya,  0.636  gram  of  silver  as  KAgCyj,  and  10.92  grams 
of  CaO. 

During  the  first  hour  89.4  per  cent  of  the  gold  was  precipitated, 
in  which  time  the  box  treated  4.67  times  its  content  of  solution,  mak- 
ing the  capacity  equivalent  to  112  tons  in  24  hours  for  a  1-ton  box. 
During  the  second  hour  97.3  per  cent  of  the  gold  was  precipitated, 
giving  a  corresponding  capacity  of  66  tons.  At  the  end  of  three  and 
one-half  hours  98.4  per  cent  of  the  gold  was  precipitated,  the  capacity 
corresponding  to  this  rate  being  36.5  tons.  The  second  charge  was 
treated  four  hours,  in  which  time  the  gold  precipitation  was  99.5 
per  cent.  The  corresponding  capacity  of  a  1-ton  box  would  be  28 
tons  of  solution  in  24  hours.    . 
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ie&  ELEGTB(»D£POSinOH  OF  60U>  AITD  QILYB9t 

EXAMPLE  OF  CLBAN-UT  FROM  8ILTEE  SOLUTIONS. 

Three  charges  of  silver  of  23.59  gra,ms  eiM^h  in  the  form  of  KAgQy„ 
making  a  total  diarge  of  70.77  grams  of  silver,  were  run  through  tJie 
deposition  box.  There  were  used  1  simple  pervious  anode  of  excdsior 
charcoal,  13  compound  pervious  electrodes,  und  1  simple  pervious 
cathode,  each  containing  8  grams  of  charcoal. 

The  solution  after  treatment  contained  0.68  mg.  silver  per  100  c  c, 
there  being  left  in  the  20  liters  of  solution  0.126  grams.  The  oltar- 
coal  of  the  cathode  was  thoroughly  gorged  with  silver.  The  up- 
stream or  cover  side  of  the  cathode  is  idiown  in  Plate  lY,  B  (p.  14S), 
the  cheesecloth  being  covered  with  a  mass  of  pure  crystals  of  silver. 
The  deposit  had  so  extended  that  there  was  danger  of  short-circuitiiig. 

Plate  VII  shows  the  reverse  side  of  this  cover.  Here  the  cheese- 
cloth is  seen  to  support  a  mass  of  silver  crystals,  together  with  frag- 
ments of  excelsior  charcoal,  coated  with  silver.  The  silver  on  tiiis 
cover  was  very  easily  removed  by  scraping  and  Inrushing  under 
water. 

Plate  yill  shows  the  interior  of  the  cathode  box.  The  grapUte 
conducting  rod  is  seen  to  be  covered  with  a  loosely  adhering  costing 
of  silver  crystals.  The  charcoal  in  the  box  is  seen  to  be  thoroughly 
coated  with  silver,  the  weight  of  silver  being  more  than  three  tiioes 
that  of  the  charcoal.  The  charcoal  in  the  compound  pervious  elec- 
trodes, as  usual,  was  not  so  densely  plated  as  at  the  cathode  at  ftfae 
end  of  the  box.  The  total  result  of  the  dean-up,  oonasting  of 
70.644  grams  and  4.966  grams  of  ash,  was  as  follows:  From  tiie 
simple  anode,  25.3  grams ;  from  the  14  compound  pervious  electrodes, 
cfthode  side,  iQSt  grams ;  from  the  14  anode  sides,  4.1  grams. 


BACK  OF  COVER.     SIMPLE  PERVIOUS  CATHODE  NEARLY  CHOKED  WITH  SILVER. 


SIMPLE  PERVIOUS  CATHODE  USED  AT  END  OF  COMPOUND  PERVIOUS  EL£: 
TRODE:  25.3  GRAMS  OF  SILVER  DEPOSITED  ON  8-GRAM  MASS  OF  EXCELS;:: 
CHARCOAL, 


PUBLICATIONS  ON  METALLUEGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
^ines  has  been  printed  and  is  available  for  free  distribution  until 
lie  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
^ranted,  and  to  insure  equitable  distribution  applicants  are  requested 

0  limit  their  selection  to  publications  that  may  be  of  especial  inter- 
est to  them.  Bequests  for  publications  should  be  addressed  to  the 
director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  diowing  all  its  publications  avail- 
ible  for  free  distribution  as  well  slb  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  oa  pay* 
nent  of  the  price  of  printing.  Interested  persons  should  apply  to 
:he  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list 

PUBUCATIONS   AVAUiABLB  FOR   FREE   DISTRmUTlOK'. 

,    Bulletin  64.  The  titanif erous  iron  ores  in  the  United  States ;  their  composl- 
^fon  and  economic  valne,  by  J.  T.  Singewald,  Jr.    1918.    145  pp.,  16  pis.,  3  figs. 
[    Bulletin  67.  Electric  furnaces  for  making  iron  and  steel,  by  D.  A.  Lyon  and 
R.  M.  Eeeney.    1914.    '^2  pp.,  86  figs. 

Bulletin  70.  A  preliminary  report  on  nranium,  radinm,  and  vanadium,  by 
R.  B.  Moore  and  K.  L.  Eithil.    1918.    100  pp.,  2  pis.,  2  figs. 

Bulletin  73.  Brass  furnace  practice  in  the  United  States,  by  H.  W.  GiUett 
1914.    298  pp.,  2  pis.,  28  figs. 

Bulletin  77.  The  electric  furnace  in  metallurgical  work,  by  D.  A.  Lyon, 
R.  H.  Keeney,  and  J.  F.  Gullen.    1914.    216  pp.,  06  flg& 

Bulletin  84.  Metallurgical  smoke,  by  C  H.  Fulton.  1915.  94  pp.,  6  pis.,  15 
figs. 

1  Bulletin  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal 
ryears  1911  to  1913,  by  A.  0.  Fieldner,  H.  I.  Smith,  A.  H.  Fay,  and  Samuel 
ISanford.    1914.    444  pp.,  2  figs. 

I  BuiumN  100.  Manufacture  and  uses  of  alloy  steels,  by  H.  D.  Hibbard.  1915. 
[78  pp. 

I  BuLLffiiN  119.  Analyses  of  coals  purchased  by  the  Government  during  the 
I  fiscal  years  1908-1915,  by  G.  S.  Pope.    1916.    64  pp.,  6  pis.,  2  figs. 

Technical  Paper  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton 
I  and  A.  C.  Fieldner.    1918.    42  pp.,  12  figs. 

Technical  Paper  (50.  Metallurgical  coke,  by  A.  W.  B^den.  1918.  48  pp.,  1 
pi.,  28  figs. 

Technical  Paper  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  C. 
Fieldner.    1914.    69  pp.,  6  figs. 

Technical  Paper  86.  Ore-sampling  conditions  In  the  West,  by  T.  R.  Wood- 
bridge.    1916.    96  pp.,  5  pis.,  17  figs. 
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Technical  Paper  95.  Mining  and  milling  of  lead  and  zinc  ores  in  the  Wis- 
consin district,  Wisconsin,  by  O.  A.  Wright    1915.    89  pp.,  2  pis.,  5  figs. 

Technical  Paper  102.  Health  conservation  at  steel  mills,  by  J.  A.  Watkins. 
1916.    86  pp. 

Technical  Paper  106.  Asphyxiation  from  blast-furnace  gas»  by  F.  H.  Willcox. 
1916.    79  pp.,  8  pis.,  11  figs. 

Technical  Paper  186.  Safe  practice  at  blast  furnaces,  a  manual  for  for^nen 
and  men,  by  F.  H.  Willcox.    1916.    78  pp.,  1  pi.,  48  figs. 

Technical  Paper  157.  A  method  for  measuring  the  viscosity  of  blast-furnace 
slag  at  high  temi)eratures,  by  A.  L.  Feild.    1916.    29  pp.,  1  pi.,  7  figs. 

Technical  Paper  177.  Preparation  of  ferro-uranium,  by  H.  W.  GiUett  and 

E.  L.  Mack.    1917.    46  pp.,  2  figs. 

Technical  Paper  187.  Slag-viscosity  tables  for  blast-furnace  work,  by  A.  L. 
Feild  and  P.  H.  Royster.    19ia    86  pp.,  1  fig. 

PUBLICATIONS   THAT   MAY   BE  OBTAINED  ONLY  THROUGH   THE  SUPERIN- 
TENDENT OF  DOCUMENTS. 

Bulletin  8.  The  coke  industry  of  the  United  States  as  related  to  the  foundry, 
by  Richard  Moldenke.    1910.    82  pp.    5  cents. 

Bulletin  T.  Essential  factors  in  the  formation  of  producer  gas,  by  J.  K 
Glement,  L.  H.  Adams,  and  C.  N.  Haskins.   1911.   58  pp.,  1  pi.,  16  figs.   10  cents. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  fu^ 
nace  gases,  by  J.  C.  W.  Frazer  and  E.  J.  Hoffman.    1911.    22  pp.,  6  figs.    5  cent& 

Bulletin  16.  The  uses  of  peat  for  fuel  and  other  purposes,  by  0.  A.  Davis. 
1911.    214  pp.,  1  pi.,  1  fig.    80  cents. 

Bulletin  47.  Notes  on  mineral  wastes,  by  0.  L.  ParsonSw  1912.  44  pp.  5 
cents. 

Bulletin  81.  The  smelting  of  copper  ores  in  the  ele^lc  furnace,  by  D.  A. 
Lyon  and  R.  M.  Keeney.    1915.    80  pp.,  6  figs.    10  cents. 

Bulletin  91.  Instruments  for  recording  carbon  dioxide  in  flue  gases,  by  J.  F. 
Barkley  and  S.  B.  Flagg.    1915.    60  pp.,  1  pi.,  25  figs.    10  cents. 

Bulletin  97.  Sampling  and  analysis  of  flue  gases,  by  Henry  Kreislnger  and 

F.  K.  Ovitz.    1915.    68  pp.,  1  pi.,  87  figs.    15  cents. 

Bulletin  98.  Report  of  the  Selby  Smelter  Commission,  by  J.  A.  Holmes,  E.  C. 
Franklin,  and  R  A.  Gould,  with  reports  by  associates  on  the  commissioners' 
staff.    1915.    525  pp.,  41  pis.,  14  figs.    $1.25. 

Bulletin  108.  Melting  aluminum  chips,  by  H.  W.  Gillett  and  G.  M.  James. 
1916.    88  pp.    10  cents. 

Bulletin  116.  Methods  of  sampling  delivered  coal  and  specifications  for  the 
purchase  of  coal  for  the  Government,  by  G.  S.  Pope.  1916.  64  pp.,  5  pis.,  2  figs. 
15  cents. 

Bulletin  122.  The  principles  and  practice  of  sampling  metallic  metallurgical 
materials,  with  special  reference  to  th^  sampling  of  copper  bullion,  by  Edward 
Keller.    1916.    102  pp.,  13  pis.,  31  figs.    20  cents. 

Technical  Paper  31.  Apparatus  for  the  exact  analysis  of  fine  gas,  by  G.  A. 
Burrell  and  F.  M.  Seibert    1913.    12  pp.,  1  fig.    5  cents. 

Technical  Paper  41.  The  mining  and  treatment  of  lead  and  zinc  ores  in  the 
Joplin  district,  Missouri,  a  preliminary  report,  by  C.  A,  Wright.  1913.  43  pp., 
5  figs.    5  cents. 

Technical  Paper  54.  Errors  in  gas  analysis  due  to  the  assumption  that  the 
molecular  volumes  of  all  gases  are  alike,  by  G.  A.  Burrell  and  F.  M.  Seibert 
1913.    16  pp.,  1  fig.    5  cents. 
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Technical  Paper  60.  The  approximate  >  melting  points  of  some  commercial 
copper  alloys,  by  H.  W.  GiUett  and  A.  B.  Norton.    1918.    10  pp.,  1  fig.    5  cents. 

Tbchnicai,  Paper  80.  Hand  firing  soft  coal  under  power-plant  boilers,  by 
Henry  Krelslnger.    1915.    88  pp.,  82  figs.    10  cents. 

Technical  Paper  90.  Metallurgical  treatment  of  the  low-grade  and  complex 
ores  of  Utah,  a  preliminary  report,  by  D.  A.  Lyon,  R.  H.  Bradford,  S.  S.  Arentz, 
O.  G.  Ralston,  and  O.  L.  Larson.    1915.    40  pp.    5  cents. 

Technical  Paper  109.  Composition  of  the  natural  gas  used  In  25  cities,  with 
a  jdlscussion  of  the  properties  of  natural  gas,  by  G.  A.  BurreU  and  G.  G.  Ober- 
fell.    1915.    22  pp.    5  cents. 
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RECOVERY  OF  GASOLINE  FROM  NATURAL  GAS  BY 
COMPRESSION  AND  REFRIGERATION. 


By  W.  P.  Dykema. 


iisrTEODxrcTioisr. 

In  investigating  the  general  problems  that  relate  to  the  petroleum 
industry  in  the  United  States,  the  Bureau  of  Mines  has  given  con- 
siderable attention  to  the  recovery  of  motor  fuel  from  natural  gas. 
Recent  developments  in  gasoline  power  imits  and  their  increasing 
use  have  made  it  imperative  that  all  fractions  of  petroleum  suitable 
for  fuel  in  this  type  of  engine  be  conserved.  The  bureau  has  issued 
a  number  of  publications  on  this  subject.  Among  these  are  Tech- 
nical Paper  10,"  Liquefield  products  of  natiu*al  gas,  their  properties  and 
uses'';  BulletLQ  42,  "The  sampling  and  examination  of  mine  gases 
'and  natural  gas";  Technical  Paper  87,  "Methods  of  testing  natiu*al 
gas  for  gasohne  content'';  Bulletin  120,  "Extraction  of  gasoline  from 
natural  gas  by  the  absorption  method";  and  Bulletin  88,  "The 
condensation  of  gasoline  from  natural  gas. " 

This  report  treats  of  the  compression  and  refrigeration  process  for 
the  recovery  of  gasohne  from  natural  gas  from  the  viewpoint  of  the 
practical  engineer  and  business  man.  Conditions  of  actual  operation 
and  the  equipment  in  use  are  cited  and  described  so  that  operators, 
and  others  interested,  can  compare  the  variations  in  methods  of  treat- 
ing natural  gas  for  its  gasohne  content  in  the  different  fields  and 
also  the  conditions  encountered  and  the  features  that  control  the 

methods  used. 
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mSTOBT  OF  THE  IISTDUSTBT. 

The  early  history  of  the  manufacture  of  natural-gas  gasoline  has 
been  published  by  the  Bureau  of  Mines  "  in  previous  papers  on  the 
subject.     The  present  practice  is  the  result  of  the  advance  developed 
by  a  study  of  the  needs  of  the  industry,  by  improvements  in  machinery 
and  equipment,  and  by  a  better  imderstanding  of  the  thermody- 
namic and  other  physical  principles  involved.    A  very  smaU  propor- 
tion of  the  plants  erected  have  been  commercial  f  ailiu*es,  and  most 
of  those  which  have  failed  lacked  capital  to  carry  them  over  a  period 
of  low  prices  for  gasohne.     Many  of  these  plants  are  still  operating, 
the  company  having  been  reorganized  or  bought  up  by  larger  corpo- 
rations, and  imder  present  market  conditions  they  show  satisfactory 
returns. 

The  following  table  shows  the  distribution  of  casing-head  gasoline 
plants  and  the  amoimt  and  value  of  the  gasohne  produced  in  the 
United  States  in  1915: 


Table  1 , — Gasoline  recovered  from  natural  gas  and  sold  in  1915. o^ 


State. 


Oklahoma 

California 

Weet  Virginia 
Pennsylvania 

Ohio 

minoLi 

Texas 

Now  York... 

Louisiana 

Kansas 

Colorado 

Kentucky 


Number 

of 
plants. 


63 

20 

114 

139 

50 

16 

1 

4 

2 

2 

2 

1 


414 


Quantity. 


Gallons. 

31,665,991 

12,835,126 

M0,853,e08 

6  5,898,597 

2,198,715 

1,035,204 


6  877,424 


65,364,666 


Vahie. 


S2, 361, 039 
975,397 
027,079 
669,873 
167,138 
80,049 


70,258 


5,150,823 


Aveng* 
reooFery 

ofgaaoUne 
per  1,000 

ouhicfMit. 


Galhmt. 
3.60 
1.60 
2.30 
2L73 
Z80 
%2d 


1.32 


%S7 


a  Northrop,  J.  D.,  Mineral  Resources  V.  8.  for  1915,  U.  8.  Geol.  Survey,  1916,  p.  997. 
b  Tnoludes  gasoline  resulting  from  natural  condensation  in  gas  mains. 

In  January,  1917,  the  number  of  plants  in  California  had  increased 
to  30,  with  an  estimated  daily  production  of  more  than  60,000  gallons, 
and  the  number  of  plants  in  Oklahoma  to  95,  with  an  estimated  daily 
production  of  200,000  gallons. 

a  Allen,  I.  C,  and  Burrell,  O.  A.,  Liquefied  products  from  natural  gas,  their  properties  and  vobbz  Tech. 
}*aper  10, 1912,  pp.  4-7;  Burrell,  O.  A.,  The  suitability  of  natural  gas  for  making  gasoline:  Tech.  Paper  57, 
1913,  p.  17;  Burrell,  O.  A.,  Seibert,  F.  M.,  and  Oberfell,  G.  O.,  The  condensation  of  gasoline  f^om  nataralgas: 
Bull.  88, 1915,  pp.  9, 10;  Burrell,  G.  A.,  Biddison,  P.  M.,  and  Oberfell,  G.  G.,  Extraction  of  gasoUne  firom 
natural  gas  by  absorption  methods:  Bull.  120, 1917,  pp.  11-14. 
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PACTOBS  TO  BE  COHSIDEBED  IS  EXAMIHUfG  FIELD  FBOM 

WHICH  GAS  IS  TO  BE  TAKEH. 

• 

Before  a  compression  plant  can  be  properly  designed  to  treat  natural 
gas  from  any  given  area,  a  thorough  study  of  the  history  of  the  field 
in  general  and  especially  of  the  sand  from  which  the  gas  is  to  be  taken 
should  be  made,  also  complete  testing  to  determine  the  volmue  and 
gasoline  content  of  the  gas  from  the  area  under  consideration  should 
be  made.  This  precaution  is  particularly  necessary  for  a  field  in 
which  there  are  no  plants  in  operation  that  can  be  studied  and  used 
as  a  precedent. 

A  knowledge  of  the  history  of  the  field  is  important  in  determining 
the  probable  life  of  the  wells  and  the  decline  in  volume  of  gas  pro- 
duced from  year  to  year.  A  plant  built  in  California  to  treat 
2,000,000  cubic  feet  per  day  has  been  able  to  get  only  half  that 
amoimt  because  of  the  decline  in  gas  production  from  the  wells  after 
the  initial  rock  pressure  was  relieved,  and  new  wells  drilled  for  oil 
on  the  same  lease  have  not  thus  far  brought  the  quantity  of  gas  up 
to  the  plant  capacity.  Gas  from  adjoining  leases  could  not  be 
obtained  for  treatment,  and  the  plant  at  the  time  of  the  writer's  visit 
was  running  at  half  capacity,  as  stated. 

In  all  gas  and  oil  fields  in  the  United  States  it  is  f oimd  that  as  the 
pressure  in  the  wells  decreases  the  gas  becomes  richer  in  gasoline 
content.  It  is  doubtful,  however,  if  the  actual  total  quantity  of 
gasoline  vapor  from  a  given  weD  increases,  but  it  seems  to  be  a  fact 
that  the  amount  of  gasoline  vapors  produced  dechnes  much  less 
rapidly  than  eichei  the  oil  or  gas  production  from  a  given  well  or  area. 
This  has  been  f oimd  to  be  practicaDy  true  of  West  Virginia  and  Cah- 
f  omia  wells  as  long  as  the  wells  produce  oil  either  under  rock  pressure 
or  vacuum.  In  Pennsylvania  a  small  compression  plant  is  treating 
gas  from  wells  that  have  long  ceased  to  produce  oil  and  are  pimaping 
salt  water  under  vacuiuns  of  26  inches  of  mercury. 

New  oil  wells  producing  many  million  feet  of  gas  imder  high  rock 
pressure,  such  as  are  often  brought  in,  in  the  Mid-Continent  and  Cali- 
fornia fields,  are  not  considered,  because  gas  produced  under  these 
conditions  of  pressure  and  volume  practically  never  finds  its  way  to 
compression  plants.  Tlie  gas  produced  under  rock  pressures  of  400 
to  1,500  pounds  per  square  inch  contains  only  comparatively  small 
proportions  of  the  heavier  gasoline  fractions  and  comparatively  large 
quantities  of  the  lighter  or  ''wild''  fractions,  as  would  be  expected 
from  the  condition  under  which  the  gas  is  held  while  in  contact  with 
the  oil  from  which  it  must  receive  its  charge  of  condensable  vapors. 

CHABACTER  OF  THE  SAND. 

A  knowledge  of  the  sand  from  wliich  the  gas  is  to  be  produced  is 
a  valuable  factor  in  designing  a  plant;  the  thickness,  texture,  or 
degree  of  cementation  bear  cUrectly  on  the  future  of  the  field  as  o 
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gas  and  gasoline  producer.  Thick  sand  of  close  texture  indicates 
long  life  as  an  oil  producer,  and  consequently  a  long  life  for  gasoline 
production.  Loose,  imcemented  sands,  such  as  are  found  in  Cali- 
fornia, will  not  withstand  the  suction  of  vacuiun  piunps,  which  causes 
the  sand  to  come  in  and  stop  or  injure  the  piunps.  This  inflow  of 
sand  reduces  the  production  of  oil  and  increases  the  expense  of  clean- 
ing the  wells,  so  that  companies  treating  their  own  gas  do  not  pennit 
the  vacuums  held  on  walls  to  exceed  1  to  2  inches  of  mercury  at  the 
casing  head.  This  limitation  of  vacuums  may  react  in  such  a  way 
as  to  make  compression  plants  unprofitable  when  the  oil  production 
has  become  small  and  the  rock  pressure  has  been  completely  relieved. 

GHABAOTEB  OF  THE  OIL. 

Casing-head  gas  produced  with  high-gravity  oil  is  almost  univer- 
sally rich  in  gasoline  vapors,  except  when  the  gas  is  produced  under 
extremely  high  pressures.  However,  the  fact  that  an  oil  is  of  low 
gravity  can  not  always  be  depended  on  to  indicate  small  gasoline  con- 
tent, as  has  been  shown  by  compression  practice  in  California.  As  u 
rule,  in  California,  casing-head  gas  produced  with  oil  having  a  gravity 
of  less  than  22*^  B.  does  not  yield  enough  gasohne  for  profitable  com- 
pression. However,  in  the  Salt  Lake  field,  the  oil  has  a  gravity  of 
15*^  to  17°  B.  and  still  the  casing-head  gas  is  commercially  valuable 
for  its  gasoline  content.  Analyses  by  the  Biu*eau  of  Mines**  of  oil 
from  this  field  shows  that  it  carries  exceptionally  high  proportions 
of  asphaltiun  (55.3  per  cent),  but  also  carries  lighter  products,  rang- 
ing up  to  fractions  distilHng  over  at  150°  to  200°  C,  to  which  are  due 
the  gasohne  vapors  in  the  gas.  The  Kern  River  field,  yielding  oil 
with  an  average  gravity  of  14°  B.  has  not,  so  far,  produced  any  gas 
that  is  being  treated  for  gasoline. 

WATER  SUPPLY. 

Water  being  essential  in  all  plants  making  gasoline  by  compression 
methods,  the  supply  and  the  quality  of  water  available  should  be  care 
fully  determined.  The  cooling  coils  and  the  compressor  jackets  of  a 
plant  treating  1,000,000  cubic  feet  of  gas  daily  at  a  pressure  of  250 
pounds  per  square  inch  will  use  100  to  300  barrels  of  water  a  day. 
depending  on  the  design  of  the  water-cooUng  system  and  the  tem- 
peratures obtained.  The  loss  is  accounted  for  by  the  evaporation 
and,  in  plants  where  towers  or  sprays  over  ponds  are  used,  by  water 
being  carried  away  by  the  wind.  In  the  oil  fields  much  of  the  water 
is  so  heavily  charged  with  mineral  salts  as  to  be  almost  useless  for 
boilers,  gas-engine  jackets,  and  compressor  jackets.  Such  water  to 
be  made  fit  for  boiler  use  mxist  be  treated  with  a  so-called  "boiler 


a  Allffli,  I.  C,  Croosfield,  A.  S.,  Jacobs,  W.  A.,  and  Matthews,  R.  R.,  Physloal  and  ohemioal 
of  the  petroleums  of  California:  Tech.  Paper  74,  Bureau  of  Mines,  1914,  p.  13.  , 
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compound/'  For  cooling  jackets  of  maohineiB  the  water  must  be 
condensed,  otherwise  it  forms  a  scale,  which  interrupts  the  circula- 
tion of  water  and  is  dangerous  both  to  machinery  and  to  the  oper- 
ators, and  also  cuts  down  the  efficiency  of  the  engine  and  compressor 
by  permitting  overheating  of  the  cyhnders  and  of  the  gas  being 

treated 

TRANSPORTATION  FACTLZTIES. 

The  matter  of  transportation  is  of  importance,  as  on  it  depends, 
in  part,  the  questions  of  blending,  size  and  weight  of  units,  plant 
location,  and  length  of  pipe  hnes.  Before  a  plant  is  designed,  the 
most  economical  product  should  be  determined,  as  it  may  be  that 
producing  the  maximum  quantity  of  condensate  possible  from  a 
given  gas  will  be  as  profitable  as  a  smaller  quantity  of  a  less  volatile 
product.  Producing  the  maximum  quantity  of  condensate  from  a 
gas  requires  high  pressiu'es  and  blending  with  naphtha  as  soon  as 
possible  after  the  condensate  is  precipitated.  This  requires  machines 
to  produce  the  high  pressure,  which  adds  to  the  cost  of  installation, 
and  a  continual  supply  of  naphtha  for  blending.  If  the  cost  of 
freight  on  the  naphtha  coining  to  the  plant  and  on  the  percentage  of 
naphtha  in  the  blended  product  going  back  to  market,  plus  the  cost 
of  mixing  and  of  losses  in  blending  and  handling,  is  greater  than  the 
value  of  the  condensate  produced  in  excess  of  the  quantity  that 
could  be  produced  at  a  lower  pressure  without  blending,  it  would  be 
more  profitable  to  produce  less  condensate  of  lower  vapor  tension 
capable  of  being  shipped  as  made.  For  example,  a  plant  in  the  Mid- 
Continent  field,  situated  an  excessive  distance  from  the  nearest 
refinery  from  which  it  could  obtain  naphtha  for  blending,  finds  that 
using  a  pressiu'e  of  80  pounds  from  single-stage  compressors,  and 
producing  1.8  gallons  of  condensate  with  a  gravity  of  75*^  to  80°  B. 
and  a  vapor  tension  of  5  to  6  pounds,  is  more  profitable  than  pro- 
ducing 3  gallons  of  condensate  having  a  gravity  of  94°  to  98°  B.  and 
blending  it  at  or  near  the  plant. 

The  distance  from  a  railroad  will  also  have  a  bearing  on  the  cost  of 
erecting  a  plant.  Pipe  fines  are  usually  built  from  the  plants  to 
loading  racks  or  blending  stations  on  the  railroad.  More  recent  prac- 
tice seems  to  favor  blending  at  the  compression  plant,  which  necessi- 
tates pumping  the  naphtha  to  the  plant  and  pumping  the  blended 
product  back  to  the  loading  station  through  pipe  lines.  The  greatest 
expense  from  being  at  a  distance  from  a  railroad,  however,  is  that  of 
hauling  equipment  and  repairs.  Machines  built  in  parts  too  large  to 
handle  on  the  wagons  or  trucks  usually  found  in  oil  fields  are  much 
more  expensive  to  place  than  machines  shipped  in  smaller  parts. 
Roads,  distances,  and  the  weights  of  large  parts  of  machines  should 
be  considered  when  a  plant  is  being  designed  or  an  estimate  of  cost 
figured. 
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Plate  I,  A  (p.  24) ,  shows  two  single  castings  weighing  3 1 ,000  pounds 
each,  which  were  placed  in  a  plant  that  could  be  reached  only  by 
narrow,  steep  roads.  The  trouble  and  expense  of  hauling  such  parts  is 
a  factor  in  plant  construction. 

The  general  topography  at  one  compression  plant  is  shown   in 

Plate  II,  A  (p.  24). 

DISTBIBXTTION  OF  WEIXS. 

If  the  wells  from  which  gas  is  to  be  taken  are  distributed  over  a  wide 
area,  it  is  well  to  consider  the  construction  of  two  or  more  smaller 
plants  rather  than  one  larger  plant.  One  plant  visited  by  the  writer 
treats  gas  collected  over  an  area  of  approximately  32  square  miles. 
The  extensive  pipe-line  system  required  to  bring  the  gas  to  the  plant 
and  return  it  to  the  various  leases,  with  the  booster  stations  and 
equipment  necessary  to  maintain  them,  makes  this  plant,  in  the 
opinion  of  the  management,  more  expensive  and  less  efficient  than 
two  or  three  smaller  plants  would  have  been. 

OONDITION  OF  WEIXS. 

Before  erecting  a  compression  plant  in  an  old  field  the  condition  of 
the  casings  in  the  wells  from  which  gas  is  to  be  taken  should  be  ascer- 
tained. In  an  old  field  in  Pennsylvania  it  was  found  that  the  casings 
were  badly  rusted  and  allowed  excessive  quantities  of  air  to  enter  the 
Hues  as  soon  as  a  vacuiun  of  more  than  1  or  2  inches  was  placed  on 
them.  The  weUs  made  an  average  production  of  only  1,000  cubie 
feet  of  gas  a  day,  so  that  the  expense  of  recasing  would  not  seem 
to  be  warranted. 

J.  O.  Lewis,  petroleum  technologist  of  the  Bureau  of  Mines,  states 
that  air  is  often  admitted  to  wells  in  which  the  casing  has  not  been 
properly  placed,  the  air  entering  through  porous  strata  from  other 
weUs  which  are  not  being  held  under  vacuums. 

TESTmO  NATURAL  OAS. 

The  testing,  measuring,  and  sampUng  of  natural  gas  for  its  gasoline 
content  has  been  described  in  Bureau  of  Mines  pubhcations"  by  G.  A. 
BurreU  and  his  associates,  and  will  only  be  taken  up  briefly  by  the 
writer. 

Many  compression  plants  are  successfully  treating  gas  about  which 
few  facts  were  known  before  the  plant  was  erected.  Much  time  and 
expense  could  have  been  saved,  however,  if  more  had  been  learned  of 
the  physical  and  chemical  characteristics  of  the  gas  before  the  plans 

a  BurreU,  G.  A.,  and  Jones,  Q.  W.,  Methods  of  testing  natoml  gas  for  gasoUne  oontent:  Teeh.  Vdipft 
87, 1916, 28  pp.  BurreU,  Q.  A.,  Sefbert,  F.  M.,  and  Robertson,  I.  W. :  Analysis  of  natural  gas  and  Ulnmi- 
naiting  gas  by  fractional  distillation  at  low  temperatures  and  pressures:  Teeh.  Paper  104,  191S,  41  pp- 
BurreU,  O.  A.,  Seibert,  F.  IL,  and  OberfeU,  O.  O.,  The  ooodensation  of  gasoUne  from  Dataral 
Bull  88, 1916,  lOe  pp. 
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of  the  plant  were  made  and  the  machinery  installed.  The  investment 
in  a  compression  plant  is  large  enough  to  warrant  the  expense  of 
having  all  necessary  tests,  analyses,  and  measurements  of  gas  made 
and  checked  before  the  plans  and  details  of  construction  are  taken  up. 

SPECIFIC  GRAVITY  TEST. 

Natural  gas  having  a  specific  gravity  of  0.78  (air  =  l)  and  higher  is 
being  successfully  treated  in  compression  plants.  The  specific 
gravity  test  is  useful  as  an  indicator,  but  the  possibility  of  misleading 
variations  through  the  presence  of  other  gases,  such  as  air,  carbon 
dioxide,  nitrogen  and  sulphur  compoimds,  in  the  sample  makes  this 
t«st  unreliable  if  used  alone.  If  an  analysis  is  made  of  the  gas  and 
the  specific  gravity  of  the  hydrocarbon  contents  computed,  the  re- 
^lults  are  more  dependable,  but  even  then  are  not  reliable  enough  to 
be  used  as  a  basis  for  final  decisions  regarding  plant  construction. 


SOLUBILITY   TEST. 

The  solubility  test  described  by  Burrell  and  Jones"  is  useful  as  an 
arbitrary  test,  because  it  is  known  that  gases  of  a  solubility  of  less 
than  30  per  cent  have  not  been  successfully  treated  in  compression 
plants. 

In  regard  to  the  following  table  they  state  that  **in  all  cases  the 
yield  represents  the  actual  amount  of  gasoline  sold  after  weathering.*' 

yield  of  gasoline  from  casing-head  natural  gas  by  compression  methodf  corresponding  to 

absorption  and  spedfic^avity  tests  fl 


Yield  of 

Yield  of 

Absorption 

Spedflc 

gasoline, 
gallons 

Absorption 

Spedflc 
gravity 
&r-l). 

gasoline, 
gallons 

by  oil. 

per  1,000 
cubic  feet 

byoO. 

per  1,000 
cubic  feet 

of  gas. 

of  gas. 

Perceni. 

Percent. 

16 

a64 

None. 

50 

1.29 

3.00 

23 

0.83 

1.00 

48 

L37 

3.50 

30 

0.90 

1.75 

44 

1.38 

3.50 

37 

1.00 

2.00 

66 

1.38 

4.00 

39 

1.03 

2.50 

84 

1.41 

4.50 

38 

1.07 

3.00 

86 

1.46 

5.00 

54 

1 —   —  

1.21 

3.50 

1  ' 

o  Burrell,  G.  A.,  and  Jones,  G.  W.,  work  cited,  p.  10. 

Jt  should  be  stated  that  both  the  specific-gravity  test  and  the  oil-absorption  test 
^1  when  applied  to  residual  gas  from  a  gasoline  plant  because,  although  Hie  results 
obtained  will  indicate  high  specific  gravity  and  oil  absorption,  principally  because  of 
^  presence  of  large  percentages  of  the  hydrocarbon  gases,  ethane  and  propane,  yet 
^  I^ant  will  have  extracted  the  vapors  of  the  liquid  paraffins  that  ccmstitute  gasoline. 

*  BarreH,  G.  A.,  and  Jones,  O.  W.,  Methods  of  testing  natural  gas  for  gasoline  content:  Tecta.  Paper  87, 
'^W'Wm  of  Minee,  1916,  pp.  7-10. 
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FRAOnONAL  DISTILLATION. 

The  Bureau  of  Mines  "  has  developed  a  technical  laboratory  test 
based  on  a  method  of  freezing  out  the  propane  and  higher  hydio- 
carbon  fractions,  which  accurately  determines  tjie  percentage  of 
condensable  hydrocarbons,  including  propane  and  all  other  higher 
members  of  the  hydrocarbon  series.  This  test  can  be  made  onJT 
in  a  weU-equipped  laboratory  by  experienced  gas  analysts. 

Another  method,  based  on  the  principle  of  low  temperatures,  that 
was  originated  by  the  Smith  Emery  Co.,  of  Los  Angeles,  Cal.,  is 
essentially  as  follows:  Gas  from  the  casing-head  of  the  well  is  led 
through  a  service  meter  (see  fig.  1)  under  a  pressure  of  12  inches  of 
water  (devised  so  as  to  blow  out  if  that  pressure  is  exceeded)  to 
a  copper  tube  three-fourths  of  an  inch  in  diameter  and  15 
feet  long,  coiled  so  as  to  fit  into  an  asbestos  insulated  container 
18  inches  deep  and  12  inches  square.  The  container  is  fiUed 
with  acetone  (product  of  wood  distillation)  to  within  2  or  3  inches 
of  the  top.  Carbon  dioxide  snow  from  steel  bottles  of  carbon 
dioxide  in  the  liquid  state  is  added  to  the  acetone  until  a  sattirated 
solution  is  obtained.  Complete  saturation  of  the  solution  is  shown 
when  a  portion  of  the  snow  remains,  as  snow,  on  the  bottom  of  the 
container.  The  temperature  of  the  acetone  is  held  constant  at  70°  F. 
below  zero  by  the  carbon  dioxide  used  in  this  way.  Gas  is  passed 
through  the  copper  coil,  submei^ed  in  the  acetone  bath,  imtil  500  or 
1,000  cubic  feet,  as  shown  by  the  meter,  has  been  treated;  the  coU 
is  then  drained  into  a  flask,  the  quantity  of  condensate  measured, 
and  the  gravity  tested.  If  the  condensate  obtained  in  this  manner 
is  higher  in  gravity  and  vapor  tension  than  would  be  desirable  as  a 
plant  product,  the  condensate  can  be  weathered  down  to  the  desired 
product,  thus  indicating  the  quantity  of  condensate  of  desired 
gravity  which  the  gas  contains.  One  series  of  tests  made  in  this 
manner  produced  a  condensate  having  a  gravity  of  90°  B.,  and  an 
absorption  plant  treating  the  gas  reports  a  production  approximately 
equal  to  the  results  obtained  in  the  original  tests  of  the-  gas.  It 
requires  2  or  3  bottles  of  carbon  dioxide  to  conduct  this  method  of 
testing  for  one  day,  and  the  gas  from  6  to  10  wells  can  be  tested  in 
that  length  of  time. 

PORTABLE  COMPRESSOR  TEST. 

It  has  become  the  practice,  in  testing  natural  gas  for  its  gasoline 
content  to  determine  its  suitability  for  use  in  a  compression  plant, 
to  make  actual  physical  tests  with  a  small  portable  plant  consisting 
of  a  compressor,  meter,  and  cooling  coils  moimted  on  a  wagon  or 

a  Bmrell,  O.  A.,  Seibert,  F.  M.,  and  Robertson,  I.  W.,  Analysis  of  natural  gas  and  illuminating  gas  b> 
fractional  (Ustfllation  in  a  vacuum  at  low  temperatures  and  pressures:  Tecb.  Paper  104,  Bureau  of  Uiaesi. 
1915, 41  pp. 
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truck.     Each  well  ia   tested  by  movijig   the  compressor  outfit  to  a 
point  where  gaa  can  be  taken  from  the  casii^  head  or  from  the  gas  line 
leading     from     tbe    v/eW. 
The  reason  for  testing  each  ^ 

■well  separately  ia  that  even 
in.  tbe  same  fieJd  gas  from 
(lifferent  wells  baa  widely 
viiryiiig  contents  of  gaso- 
line vapor,  and  if  com- 
paratively dry  gas  is  mixed 
with  gas  of  greater  vapor 

content,  the  yield  of  con-  j 

densate  vnU  be  decreased  | 

or  greater  pressm-e  and  a  | 

lower  temperature  will  be  | 

required  to  precipitate  an  f 

equal    quantity.     This  | 

point  was  proved  in  prac-  ^ 

tice  by  a  plant  in  Cab-  | 

fomia,  which,  bj'  turning  I 

outof  its  lines  the  gas  from  | 

a  well  making  about  one-  - 

half  million  cubic  feet  per  . 

day,  increased   the  plant  •3 

production,  no  change  be-  | 

ing  made  in  the  pressure  or  ■> 

the  cooling  system.  f 

A  portable  testing  outfit  5 

observed  in  operation  by  | 

the  writer  consisted   of  a  I 

tank  12  by  36  inches  used  -^ 

as  a  gas  receiver,  a  4-horse-  -* 

power  gas  engine  belted  to  | 

u  3  by  3i  inch  single-acting  I 

compressor  with  a  capac- 
ity of  3  cubic  feet  per 
minute,  a  single  coil  of 
1-inch  pipe  of  the  con- 
tinuous, return-bend  type 
cooled  by  submerging  in  a 
wooden  trough  of  water 
and  ice,  and  a  double  coil, 
12    feet  long,    of    1-inch 

pipe  inside  a  2-inch  pipe,  cooled  by  expanding  the  compressed  gas 
through  a  valve  connection  between  the  outside  and  inside  pipes. 
7338'— 18— Bull.  151 2 
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The  gas  was  brought  from  the  well  line  through  a  J-inch  pipe  fitted 
with  a  water  gage  for  regulatmg  the  pressure  on  the  intake  receiver; 
this  receiver  also  served  as  a  trap  for  heavy  oil  and  dirt.  From  the 
receiver  the  gas  was  compressed  and  delivered  to  the  water-eooleil 
coil  at  a  pressure  of  250  pounds,  the  water  being  cooled  with  ice. 
Ice  was  used  because  it  gave  lower  and  easily  regulated  tempera- 
tures, was  more  convenient  to  obtain  than  a  lai^e  or  continuoiis 
supply  of  fresh  cold  water,  and  permitted  tests  to  be  run  at  nearly 
the  same  temperature  and  under  more  uniform  conditions.  The 
gas  from  the  water-cooled  coil  discharged  into  the  chamber  between 
the  outer  and  the  inner  pipe  of  the  double  coil.  At  the  discharge  end 
of  the  outer  or  2-inch  pipe  was  suspended  a  1-inch  drip  pipe  to  collect 
the  condensate.  Gas  from  the  2-inch  pipe  was  expanded  throu^ 
the  valve  into  the  inner  pipe  to  refrigerate  the  high-pressure  gas 
flowing  through  the  outside  pipe  and  discharged  through  a  service 
meter  to  the  atmosphere.  Records  were  kept  of  temperatures, 
pressures,  and  amoimts  and  gravity  of  condensate  produced.  The 
tests  were  made  at  night  to  aid  cooling.  From  time  to  time  specific- 
gravity  tests  of  gas  from  individual  weDs  were  made  and  recorded. 
When  the  gas  from  any  well  dropped  noticeably  in  gravity,  a  com- 
pression test  was  run  on  it,  and,  if  found  too  low  in  gasoline  content  for 
profitable  recovery,  was  t\imed  into  the  fuel  lines  of  the  lease  and 
was  not  treated. 

SOURCES  OF  ERROR  IN  PORTABLE  COMPRESSOR  TESTS. 

The  greatest  source  of  error  in  making  tests  with  portable  outfits 
is  the  meters.  Service  or  domestic  meters  become  inaccurate  if 
operated  at  pressures  above  those  for  which  they  were  made,  and 
should  be  tested  before  use  even  at  normal  pressures,  and  during  use 
should  be  protected  from  excessive  pressures  by  a  water  or  mercury 
pressure  gage  placed  on  the  pipe  ahead  of  the  meter  intake.  Pressures 
of  8  to  12  inches  of  water  are  usually  used  with  meters  of  this  type. 
Some  operators  use  two  meters,  one  on  the  intake  and  one  on  the 
discharge  of  the  portable  tester,  the  indicated  amounts  of  gas  being 
averaged  in  calculating  the  production. 

Results  are  apt  to  be  misleading  when  gas  being  treated  in  the 
testing  machine  is  not  cooled  to  the  same  temperature  as  under 
plant  conditions  or  compressed  to  the  pressure  used  in  the  plant. 
Small  portable  testing  compressors  can  be  adjusted  and  operated 
under  conditions  so  nearly  simulating  actual  plant  conditions  as  to 
give  reliable  data  on  which  to  base  estimates  of  pressures,  tempera- 
tures, and  recovery. 
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MEASUBINO  THE  PLOW  OP  NATUBAL  QA8. 

He  following  description  of  the  orifice-meter  method  of  gak 
measurement  is  from  Technical  Paper  87**  of  the  Bureau  of  Mines: 

ORIFICE   METER. 

An  instrument  known  as  the  orifice  meter,  for  testing  small  flows  of  natural  gas,  is 
shown  in  figure  2.  This  instrument  is  simple  in  construction,  consisting  of  a  short 
2-inch  nipple,  6,  with  pipe  thread  on  one  end  and  a  thin  plate  disk  on  the  other. 
The  disk  carried  a  1-inch  orifice,  n 

a,  and  a  hose  connection,  c,  for 
taking  the  pressure.  The  meter 
19  especially  intended  for  testing 
small  gas  wells  and  ''casing- 
head  ''  gas  from  oil  wells.  As  a 
rule  the  flow  of  gas  from  an  oil 
well  is  rather  small,  and  it  is  not 
advisable  to  test  the  flow  with  a 
Htot  tube  such  as  is  used  in  test- 
ing large  gas  wells.  In  using  the 
orifice  tester  it  is  necessary  to 
know  the  specific  gravity  of  the 
gae  in  order  to  obtain  the  flow. 

Before  the  orifice  well  tester  is 
attached  to  the  casing  head  the 
well  should  be  permitted  to  blow 
into  the  atmosphere  until  the 
head  of  the  gas  is  reduced  and  the 
flow  has  become  normal.  Then 
the  tester  is  attached  by  simply 
screwing  it  into  the  end  of  a 
3-foot  length  of  2-inch  pipe  and 
the  pressure  is  read  in  inches 
of  water  on  the  siphon  gage,  d. 
In  the  tabled  the  flow  of  the 
well,  with  values  for  gas  of 
different  gravities,  is  opposite 
the  gage  reading.  The  orifice  in 
the  instrument  should  be  kept 
dry  and  uninjured;  otherwise 
the  gage  reading  will  not  be 
correct. 

Beside  the  thin  1-inch  orifice  plate  described  above,  orifice  meters 
of  this  type  are  equipped  with  plates  of  the  same  thickness  (J  inch) 
and  with  orifices  of  f ,  },  |,  and  \\  inch  diameters  for  measuring 
flows  of  greater  or  less  volinne,  and  for  checking,  by  two  or  more 
tests,  the  flow  from  the  same  well  at  different  pressures.  Figure  3 
shows  the  design  of  meters  in  which  are  used  a  number  of  different 
sized  orifice  plates.  The  brass  disks  containing  the  orifices  are  care- 
fully machired  to  a  thickness  of  \  inch  and  are  made  to  fit  perfectly 

«  Bairell,  O.  A. ,  and  Jones,  O.  W.,  Methods  of  testing  natural  gas  for  gasoline  content:  Boraaa  of  IChMB, 

me,  pp.  18-20. 

I  See  Table  15,  p.  115. 


Figure  2. — Orifice  meter  for  testing  small  flows  <»f  natural  gu? . 
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between  the  cap  which  holds  the  disk  in  place  and  the  end  of  tl 
:^inch  pipe.     The  orifice  in  the  disk  is  accurately  drilled  to  size, 

edges  being  made  square 
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not  beveled. 


PITOT-TUBB  METHOD. 


CMP 


The  Pitot  tube  is  a  stand- 
ard, well  -  known  instrument 
for  measuring  gas  flows  in 
pipe  lines  and  at  gas  wells;  it 
requires  careful  attention  and 
is  generally  used  only  by  e.^- 
perienced  operators.  Descriptions  of 
the  Pitot  tube  and  its  method  oi 
operation  and  tables  of  flow  are 
given  in  Technical  Paper  87  **  and 
Bulletin  88.^ 

SAMPLING     FOR     LABORATORY     TESTS. 

Containers  for  natural-gas  samples 
to  be  sent  to  a  laboratory  for  analy- 
sis, absorption  test,  and  specific 
gravity  test  sho\ild  have  a  capacity 
of  not  less  than  1  pint,  and  dupli- 
cate samples  in  two  containers  may 
save  a  retmn  to  the  field  if  a  sample 
is  accidentally  lost  or  an  error  l^ 
made  in  any  one  of  the  determina- 
tions. To  guard  against  errors  both 
in  the  collection  of  samples  and  in 
laboratory  determinations,  dupli- 
cate samples  are  often  taken  and 
all  tests  and  analyses  run  inde- 
pendently. The  bottle  or  other 
gas  container  should  be  carefully 
sealed  and  packed  to   avoid  leakage 

from  poor  stop- 
pers and  expansion 
and  contraction  of 
the  gas  from  wide 
changes  in  temper- 


COMNECWN 


nousB3.--Orlfloe  meter  fnwhich  different  sized  orifice  plates  may  be  used,     ature. 


•  Burrell,  O.  A.,  and  Jones,  G.  W.,  Methods  of  tesUng  natural  gas  for  gasoline  oontant:  Bureuiof 
MtaMS,  1016,  pp.  21-24. 

6BarreU,  O.  A.,  Beibert,  F.  M.,  and  Oberfell,  O.  G.,  The  condensation  of  gacollne  from  patural  gas 
Bnreaa  of  If  lues,  1015,  pp.  37-45. 
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C'OLLECTINQ  A  SAMPLE  BY  AIR  DISPLAGBMENT. 

Filling  a  bottle  or  other  container  by  air  displacement  is  a  rapid 

and  convenient  method,  often  used  in  the  field.    A  small  hose  iJH 

placed  over  a  pet  cock  in  the  gas  line,  the  other  end  being  msertod 

inside  of  the  container.    A*  gentle  stream  of  gas  is  then  allowed  to 

flow  into  the  container  for  four  or  five  minutes,  displacing  the  air,    11 

the  gas  is  known  to  be  lighter  than  air  it  is  best  to  invert  the  bottle, 

thus  allowing  the  light  gas  to  displace  the  heavier  air;  if  the  gas  is 

heavier  than  air,  the  reverse  method  is  preferable.    The  bottle  is 

then  quickly  corked,  and  sealed  by  covering  the  stopper  with  a 

coating  of  wanu  paraffin.     The  difficulty  with  this  method  is  the 

uncertainty  whether  all  of  the  air  has  been  displaced  by  the  gas. 

COLLECTING  A   SAMPLE   BY  WATER  OR  MERCURY  DISPLACEMENT. 

A  more  accurate  method  of  obtaining  a  gas  sample  is  by  the  din- 
placement  of  water.  '  In  this  method  the  bottle  is  filled  with  water 
and  inverted  beneath  the  surface  of  water  in  a  bucket  or  other  con- 
venient receptacle,  the  hose  from  the  gas  line  is  allowed  to  dischaige 
below  the  mouth  of  the  inverted  bottle  until  the  water  in  it  has  becoi 
entirely  displaced  by  the  gas.  The  bottle  is  then  closed  or  corked 
w^hile  still  beneath  the  surface,  and  after  drying  and  sealing  with 
paraffin,  can  he  transported  Avithout  danger  of  contamination  of  the 
contents. 

Mercury  may  be  used  in  the  same  manner  as  water,  but  requiit*: 
tliat  considerable  volumes  of  this  liquid  be  kept  with  the  samplin^^ 
apparatus,  which  adds  to  its  bulk  and  weight.  Displacement  of 
mercury  is,  however,  the  most  accurate  method  of  filling  a  container 
with  the  gas  t(»  be  tested,  and  insures  the  least  possible  contaminatioi*. 

SAMPLING   AND  TESTING   IN    GENERAL. 

.Ul  tests,  measurements,  and  determinations  of  natural  gas  to  he 
used  for  gasoline  manufacture  should  be  checked  and  proved.  Duplin 
cate  tests,  analyses,  and  measurements  should  be  made  by  diSereni 
persons,  if  possible.  If  the  duplicate  results  show  variations  lai^«2, 
enough  to  be  of  importance  in  determining  plant  capacity,  method , 
or  equipment,  a  third  test  should  be  carried  out  to  determine  which 
results  can  be  trusted  and  can  be  used  in  plant  design.  Too  much^ 
importance  can  not  be  placed  on  accurate  testing  and  measuring  of 
gas  to  be  treated  for  gasoline  content,  for  although  during  the  treatr. 
ment  in  a  commercial  plant  many  problems  arise  that  can  not  Ihj 
foretold,  many  characteristics  of  the  gas  can  be  determined  which, 
have  a  direct  bearing  on  the  pressures  and  temperatures  necessary, 
and  the  gravity  and  vapor  tension  of  the  condensates  produced.        :. 
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METHODS  OF  ]f  ATimAL-GAS  GASOLINE  MAinXFACTXTSE. 

plants  treating  natural  gas  for  its  gasoline  content  fall  under  one 
of,  threes  mechanical  and  physical  subdivisions — compression,  refrig- 
eration, ^d  absorption,  or  a  combination  of  these  methods.  Each 
division  Taries  widely  in  mechanical  details  of  both  equipment  and 
(»peratioii.  Gasoline  recovery  by  compression  and  refrigeration  will 
be  discussed  in  the  following  pages.  Recovery  by  absorption 
methods  has  been  described  in  Bulletin  120.<* 

THEORY  OP  PRECIPITATION. 
CONDENSATION    BY   COOLING. 

The  theory  of  the  precipitation  of  vapors  from  natural  gas  is  in 
a  way  comparable  to  that  of  the  precipitation  of  water  vapor  from  the 
atmosphere.  Water  vapor  is  known  to.  exist  in  the  air  at  all  tim^ 
in'  varying  proportions,  but  is  invisible  unless  condensed  by  cooling. 
Cooling  to  a  temperature  below  that  at  which  the  air  is  saturated  with 
the  water  vapor  it  contains  causes  precipitation  in  the  form  of  snow, 
hail,  frost,  rain,  fog,  or  dew.  This  fact  is  also  illustrated  by  beads  of 
water  collecting  on  the  outside  of  a  pitcher  of  ice  water,  and  by  the 
formation  of  frost  on  the  refrigeration  pipes  of  expansion  units,  as 
shown  in  Plates  V,  C,  VI,  and  VII  (pp.  34  and  36).  The  air  coining  in 
c6ntact  with  the  cold  surface  of  the  pitcher  or  pipes  is  cooled  below 
its  dew  point  and  the  moisture  which  it  can  no  longer  hold  as  vapor 
condenses  as  water  or  frost  on  the  surface.  By  further  cooling  of 
the  air  more  moisture  would  be  condensed,  and  if  cooling  were  carried 
far  enough  practically  all  of  the  water  vapor  could  be  precipitated 
without  the  aid  of  pressures  higher  than  atmospheric. 

CONDENSATION    BY   COMPRESSION. 

In  plants  compressing  air  it  is  found  that  air,  after  having  been 
made  more  dense  by  increase  of  the  pressure  and  decrease  of  the 
volume,  deposits  moisture  at  atmospheric  temperature,  and  as  the 
pressure  is  increased  larger  percentages  of  the  contained  water  vapor 
are  precipitated.  Hence  either  high  pressures  or  low  temperatures 
increase  tho  condensation  of  the  water  vapor. 

In  the  exceedingly  dry  atmosphere  of  the  Arizona  and  Nevada 
deserts,  operating  air  compressors  at  a  pressure  of  100  pounds  and 
cooling  the  compressed  air  only  to  atmospheric  temperature  always 
causes  precipitation  of  water,  and  of  lubricating  oik  from  the 
cylinders,  in  the  air  receiver.  That  all  of  the  moisture  in  the  air  i* 
not  deposited  in  the  receiver  is  shown  by  the  fact  that  in  piunps 
driven  by  compressed  air  some  moisture  freezes  in  the  cylinders  and 
abo  forms  frost  on  the  exhaust  outlet. 


a  Burrell,  O.  A.,  Blddison,  P.  M.,  and  Oberfell,  O.  O.,  Extraction  of  gasoline  from  natural  gas  by 
sorption  methods:  Boll.  120,  Bureau  of  Mines,  1917|  71  pp. 
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The  condensable  fractions  in  natural  gas,  like  those  in  air,  are  not 
^visible  under  ordinary  conditions,  but  at  times  the  sudden  release 
iuto  the  atmospheie  of  gas  from  confinement  under  pressure  will 
caiise  vapors  of  hydrocarbons  to  form  a  mist  resembling  fog  or  steam. 

In  the  treatment  of  natural  gas  for  gasoline  recovery  the  result 
desired  could  be  accomplished  either  by  compression  or  refrigeration, 
but  the  complex  mixture  of  gases  and  vapors  complicates  the  problem. 
Without  an  exact  knowledge  of  the  various  members  and  the  pro- 
portion of  each  to  the  whole,  an  attempt  to  calculate  the  most  suitable 
pressures  and  temperatures  becomes  little  better  than  a  guess,  and 
the  most  practical  solution  is  by  tests  and  experiments.  According 
to  the  law  of  partial  pressures,**  if  gas  contains  10  per  cent  of  con- 
densable vapor  and  is  imder  a  pressure  of  200  poimds,  the  con- 
densable 10  per  cent  has  acting  upo^  it  a  partial  pressure  of  20 
pounds,  or  10  per  cent  of  the  total  pressure.  As  the  proportion  of 
different  condensable  vapors  in  the  gas  becomes  smaller  through  their 
partial  condensation,  the  partial  pressure  acting  on  them  also  becomes 
less.  The  percentage  of  the  gage  pressure  acting  on  any  one  of  the 
gas  or  vapor  constituents  varies  in  proportion  to  the  percentage  of 
volume  occupied  by  that  constituent.  If  the  constituent  is  con- 
densable, condensation  will  lower  its  proportion  to  the  volume  of 
uncondensed  gas  to  a  point  at  which  the  partial  pressure  acting  on 
it  is  too  small  to  cause  further  condensation,  leaving  a  portion  of  the 
vapor  uncondensed  throughout  the  entire  treatment.  As  the  acting 
pressure  becomes  lower,  condensation  tends  to  cease,  but  lowering  the 
temperature  will  cause  further  condensation.  Under  constant  gage 
pressures  and  decreasing  temperatures,  the  largest  percentage  of  the 
heavier  hydrocarbons  contained  in  the  gas  is  recovered,  and  the 
losses  are  confined  to  the  lighter  members. 

Although  aU  of  the  condensable  vapor  and  even  the  true  gases 
can  be  hquefied  by  increasing  the  pressure  or  reducing  the  tem- 
perature sufficiently,  the  application  of  these  processes  in  treating 
natural  gas  for  gasoline  is  limited  by  the  commercial  considera- 
tions. Extremes  of  either  pressure  or  temperature  would  yield 
condensates  too  volatile  for  commercial  use,  also  the  machinery  and 
other  eqiupment  required  would  be  expensive  to  install  and  difficult 
to  operate  and  maintain. 

To  recover  the  valuable  hydrocarbon  fractions  that  are  held  as 
vapors  in  natural  gas,  only  such  pressures  and  temperatiu*es  are 
necessary  as  can  be  obtained  by  the  use  of  machines  and  fittings  of 
standard  construction  and  capacities.  As  the  power  used  to  com- 
press the  gas  heats  it,  developing  power  by  expanding  the  com- 
pressed gas  cools  it.     By  using  the  cooled  gas  as  a  refrigerant,  the 

«  Lndke,  C.  £.,  Engineeriiig  thermodynamJos,  1912,  p.  481. 
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temperature  necessary,  in  conjunction  with  the  pressures  obtained, 
to  extract  the  maximum  of  commercial  condensate  can  be  developed. 
The  temperature  and  the  pressure  that  will  yield  the  most  profit- 
able results  are  those  that  together  will  recover  the  lai^est  possible 
amoimt  of  condensates  of  low  vapor  tensions  and  as  much  of  the 
lighter  parts  as  can  be  so  blended  or  handled  as  to  conform  with  legal 
standards  of  safety  and  make  a  good  motor  fuel 

ABSORPTION  THBOBY. 

The  absorption  process  for  recovering  condensate  from  natural  gas 
is  based  on  an  entirely  different  physical  property,  that  of  the  solu- 
bility of  vapors  in  liquids.  In  this  process  the  gas  is  brought  into 
intimate  contact  with  a  liquid  which  dissolves  or  absorbs  the  vapors; 
these  vapors  are  later  distilled  from  the  absorbing  medium  and 
condensed. 

USE  OF  COMBINATION  COMPRESSION  AND  BEFBIOEBATION 

PROCESS. 

As  shown  above,  the  fundamental  principles  of  the  compression 
process  are  compression  and  cooling  of  the  natural  gas  to  pressures 
and  temperatures  at  which  certain  hydrocarbons  condense. 

Plants  of  this  character  are  erected  to  treat  casing-head  gas  from 
oil  sands  or  from  sands  closely  associated  with  oil,  the  gas  be'mg 
brought  to  the  surface  either  between  the  casing  and  tubing  of  an 
oil  well  or  with  the  oil  in  the  tubing.  The  quantity  of  gas  from  each 
well  is  usually  comparatively  small  and  in  some  installations  as 
many  as  500  or  600  wells  are  connected  with  one  compression  plant 
of  not  more  than  the  average  capacity. 

The  dry  (treated)  gas  is,  at  most  plants,  used  on  the  oil  leases  to 
drive  the  gas  engines  of  the  compression  plant,  and  also  for  gas  and 
steam  engines  in  pumping  and  drilling  weUs.  A  few  compression 
plants  sell  the  treated  gas  for  commercial  use  in  cities  or  for  manu- 
factimng  purposes.  The  cost  of  pipe  lines  and  equipment  necessary 
to  deliver  the  small  quantities  of  gas  to  market  would,  in  general,  be 
excessive.  There  is  seldom  much  gas  left  after  the  quantity  neces- 
sary for  furnishing  power  has  been  used. 

The  value  of  the  gas  for  heating,  power,  and  hghtingis  not  impaired 
appreciably  by  removing  the  gasoline  content.  If  this  gas  were  not 
treated,  the  gasohne  would,  at  most  leases,  be  bximed  with  the  gas- 
used  for  power  purposes  and  practically  be  wasted  as  far  as  serving 
any  useful  purpose  is  concerned. 

OAS  LEASES. 

Until  1914  practicall}"  all  the  gus  being  treated  for  its  gasohne, 
content  was  sold  or  leased  \mder  varying  conditions  to  gasohne  pro-! 
(hieing  and  marketing  companies  independent  of  the  companies  pro-; 
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ducing  the  oil.  Since  that  time  the  oil  producing  companies,  real- 
izing the  profits  to  be  made,  have  constructed  compression  plants 
to  treat  the  gas  produced  with  the  oil  on  their  leases,  and  in  many 
instances  are  now  piu*chasers  or  lessors  of  gas  from  surrounding 
properties. 

Before  1914  gas  leases  were  made  mostly  on  a  flat  rate,  which 
varied  from  2  to  5  cents  per  1,000  cubic  feet.  Often  the  contract 
stipulated  the  vacuum  to  be  held  on  the  oil  wells,  and  specified  that 
any  treated  gas  not  used  to  run  the  compression  plant  was  to  be 
returned  to  the  lease  from  which  it  was  taken,  the  return  gas  hues 
to  be  paid  for  and  laid  by  the  purchasing  party.  Other  leases 
required  that  a  certain  percentage  of  the  gas  deHvered  to  the  com- 
pression plant  should  be  returned,  this  figure  in  some  instances  being 
as  high  as  80  per  cent. 

SLIDINa-SCALE  LBASB. 

One  lease  in  Pennsylvania  required  that  7  cents  per  1,000  cubic 
feet  of  gas  be  paid  the  lessor  when  the  price  received  by  the  lessee 
for  gasoline  in  tank  car  lots  during  the  preceding  month  averaged 
10  cents  per  gallon  or  less,  and  an  advance  of  1  cent  per  1,000  cubic 
feet  for  each  advance  of  2  cents  in  the  monthly  average  price  of  gaso- 
line. The  gasoline  company  had  made  arrangements  to  sell  the 
treated  gas  at  12  cents  per  1,000  feet  to  a  company  which  supplies 
gas  to  near-by  towns.  This  was  one  of  the  few  plants  found  by 
the  writer  that  made  such  disposal  of  the  dry  gas. 

Such  a  form  of  contract,  known  as  the  sUding-scale  lease,  is 
being  used  almost  entirely  at  present  in  the  Mid-Continent  fields, 
except  that  usually  the  contract  stipidates  that  gas  after  treatment 
shall  be  retiuned  to  the  lease  from  which  it  was  originally  taken.  It 
also  provides  that  all  gas  necessary  for  power  to  operate  gas  and 
water  pumps  as  well  as  the  compressor  plant,  shall  be  taken  from 
the  treated-gas  lines  at  no  cost  to  the  lessor. 

At  the  present  time  (December,  1916)  leases  in  Oklahoma  are  bebig 
made  on  what  is  known  as  the  4-10  or  the  6-10  basis,  meaning  that 
the  price  paid  for  the  privilege  of  removing  and  selling  the  gaso- 
line from  the  gas  is  to  be  4  cents  or  5  cents  per  1,000  cubic  feet  when 
the  price  received  for  the  product  is  10  cents  per  gallon,  with  an 
increase  of  1  cent  per  1,000  feet  of  gas  for  each  additional  2  cents  per 
gallon,  as  in  the  Pennsylvania  lease  previously  mentioned.  On  the 
4-10  scale,  with  gasoline  selling  at  18  cents  per  gallon  f.  o.  b.  the 
plant,  the  price  paid  for  gas  would  be  8  cents  per  1,000  feet. 

WEAK   POINTS    OF   LEASE. 

There  seems  to  be  two  very  weak  points  in  such  a  form  of  con- 
tract; one  is  that  no  account  is  taken  of  the  present  or  future  quan- 
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tity  of  condensate  in  the  gas,  and  the  other  is  that  as  the  wells  and 
field  grow  older  the  percentage  of  gas  returned  to  the  original  owner 
will  become  progressively  less  and  eventually  will  become  nil.  In  the 
Glenn  pool,  Oklahoma,  this  point  has  been  reached  at  some  plants. 

In  one  plant,  to  the  knowledge  of  the  writer,  the  volume  of  treated 
gas  dischai^ed  is  at  times  insufficient  to  furnish  fuel  for  the  engines 
running  the  pumps  and  compressors.  This  condition  is  quite  usual 
in  older  districts  such  as  Sistersville,  W.  Va.,  where  dry  gas  is  bought 
to  operate  the  compression  plants,  or,  as  at  one  plant,  electric 
power  is  purchased  and  is  used  to  drive  the  compressors. 

As  the  qujjitity  of  gas  decreases,  the  owner  will  receive  less  for  the 
gas  and  have  less  treated  gas  returned  to  him,  being  forced  eventually 
to  buy  gas  for  lease  power  while  the  plant  operator  will,  for  a  long 
time  at  least,  make  the  same  or  a  slightly  decreased  quantity  of  mar- 
ketable condensate.  It  would  seem  that  these  conditions  should  be 
taken  into  accoxmt  in  the  gas  contract. 

BOYAIiTY  LEASES. 

Royalty  leases  are  made  and  held  in  some  fields,  particularly  in 
California,  but  do  not  seem  to  have  been  generally  used  through- 
out the  United  States. 

Before  the  compression  process  and  its  results  became  well  known 
and  understood,  gas  could  commonly  be  obtained  on  a  royalty  of 
one-eighth  of  the  value  of  the  product  marketed,  but  as  the  gas  pro- 
ducers learned  of  the  treatment  and  profits,  royalties  have  increased. 
In  California,  as  much  as  one-third  of  the  value  of  the  product  for  gas 
containing  less  than  2  gallons  of  gasoline  per  1,000  cubic  feet  is  being 
paid.  The  writer  is  reliably  informed  of  a  contract  in  Oklahoma  under 
which  a  royalty  of  one-half  is  being  paid,  the  gas  producing  between 
4  and  5  gallons  of  gasoline  per  1 ,000  cubic  feet. 

FACTOBS   CONTBOLLING  BOYALTIES   AND  LEASES. 

The  royalties  and  prices  that  can  be  paid  for  gas  under  lease  for 
gasoline  recovery  depend  on  the  following  conditions: 

Wells  scattered  over  a  wide  area  will  necessitate  an  expensive  gatii- 
ering  system,  including  pipe  lines  and  pumps  or  booster  stations, 
and  the  cost  of  operation  and  upkeep.  The  quantity  of  condensate  in 
the  gas  is  vital  because  the  cost  of  a  plant  and  of  plant  operation  is  prac- 
tically the  same  for  rich  or  lean  gas.  If  the  gas  is  to  be  returned  to 
the  original  owner  for  use  on  the  lease,  the  cost,  upkeep,  and  opera- 
tion of  the  return  or  "dry  gas"  line  are  to  be  considered.  Tte  dis- 
tance from  a  railroad  station  and  the  length  of  pipe  lines  required  to 
bring  the  blending  naphtha  to  the  plant  and  transport  the  product  to 
the  station,  also  the  distance  from  a  market,  and  the  source  of  naph- 
^hA  supply  will  have  a  bearing  on  production  and  marketing  coBts. 
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l^e  time  the  lease  or  contract  is  to  run  is  also  a  factor  which  directly 
affects  the  price  that  is  to  be  paid  for  gas,  as  the  total  cost  of  instal- 
lation must  be  paid  out  of  net  receipts  by  the  time  the  contract 
expires. 

In  general,  all  the  factors  entering  into  any  manufacturing  enter- 
prise must  be  taken  into  consideration  when  the  price  to  be  paid  for 
gas  leases  or  royalties  is  being  set. 

METHODS  OF  COLLECTnTG  VATVBAL  GAS. 

The  term  *' casing-head  gas/'  when  strictly  appUed,  means  gas  com- 
ing from  an  oil  sand  between  the  casing  and  the  tubing  through  which 
the  oil  is  piunped.  This  term,  however,  as  used  in  connection  with 
compression  plants,  has  been  broadened  so  as  to  apply  to  any  gas 
rising  with  oil  in  the  tubing,  or  from  flow  linos,  and  to  vapors  coming 
from  oil  in  traps  or  flow  tanks. 

In  eastern  practice  it  is  usual  to  collect  only  the  gas  coming  up 
between  the  casing  and  tubing  in  wells  which  are  usually  held  imder 
high  (20  to  26  inches  of  mercury)  vacuums,  no  attempt  being  made  to 
collect  the  gas  coming  up  with  the  oil  in  the  tubing  or  the  light  frac- 
tions given  off  in  flow  or  storage  tanks.     Oklahoma  operators  collect 
gas  at  the  casing  head,  and  in  some  instances  from  flow  lines  and  flow 
tanks.     In  California  an  entirely  different  practice  has  developed, 
rf,because  of  the  soft  running  oil  sand  in  most  CaUfomia  fields.     The 
^)il  and  gas  from  one  or  more  pxmiping  or  flowing  wells  is  led  into  a 
,.  specially  built  tank,  called  a  trap.     Traps  of  different  designs  art)  so 
\  constructed  and  operated  as  to  permit  the  separation  of  the  oil  and 
the  gas  at  pressings  either  above  or  below  atmospheric,  as  circimi- 
'  stances  may  require. 

'  USE  OF  TRAPS. 

Originally  traps  were  invented  and  designed  to  work  xmder  pressure 
with  the  object  in  view  of  separating,  collecting,  and  saving  the  gas  and 
also  the  oil  atomized  and  mechanically  carried  with  the  gas  into  pipe 
lines  or  into  the  atmosphere;  also  to  hold  in  the  oil  the  gasoline  frac- 
tions that  would  otherwise  be  volatilized  when  the  pressure  on  the  oil 
was  released;  and,  further,  to  allow  the  oil  to  absorb  as  much  of  the 
condensable  fractions  from  the  gas  as  possible,  thus  raising  the  gravity 
of  the  oil  and  in  a  measure  saving  the  most  desirable  fractions  of  the 
crude  product.  As  an  instance  of  the  xise  of  a  trap  and  its  effect  on 
the  oil  produced,  F.  B.  Tough,  of  the  Bureau  of  Mines,  cites  the  use 
of  one  at  a  gusher  in  the  Midway,  California,  field.  This  well  when 
flowing  through  a  trap  produced  oil  having  a  gravity  of  32.5°  B., 
^d  when  flowing  uncontrolled  imder  considerable  rock  pressure  into 
&  collecting  sump  produced  oil,  as  collected  in  the  simip,  with  a 
gravity  of  26®  B.,  a  gain  of  over  6°  B.  resiilting  from  the  use  of  the 
trap. 
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Traps  are  of  interest  to  the  casii^-head  industiy  piincipally  as  sepa- 
rators of  oil  and  gas,  or,  as  developed  and  used  by  at  least  one  com-  i 

pany,  for  holding  a  vacuum  on 
the  oil  to  separate  from  it  such 
fractions  as  will  distill  off  at  th«' 
normal  temperatiu^e  and  under 
a  vacuum  of  5  to  15  inches  of 
men-uiy,  thus  reversing  th<' 
usual  effect  and  method  of  trap 
operation. 

TRAPS     HELD    UNDER    VACUUMS. 

This  company  had  found  thiii 
the  crude  oil  during  transporta- 
tion and  storage  and  in  transfer 
to  the  stills  of  the  refinery  lost 
a  part  of  the  lighter  fractions; 
also,  the  temperature  used  in 
cooling  the  stiU  vapors  per- 
mitted further  losses  of  th«' 
lighter  fractions,  which  could 
be  collected  as  vapor  and  saved 
by  treating  in  a  compressicni  ] 
plant  vnih  the  gas  and  vapor<  ' 
produced  at  the  wells. 

The  method  adopted  is  to  n  - 
lieve  the  crude  oil  of  its  lighten-  i 
gasoline  fractions  by  holding  ji 
vacuiun  on  the  trap,  as  oil  i^ 
sprayed  or  flows  into  it  with  the 
casing-head  and  tubing  gases, 
and  treating  all  the  gas  and 
va]K)i^  thus  obtained  in  tht- 
compression  plant.  The  con- 
densate, which  has  a  gravity  of 
86°  B.,  is  held  imder  a  pressim* 
of  10  to  15  poxmds  and  kept 
cool  by  shading  or  insulating 
the  storage  tanks  imtil  the  prod- 
FiQUBK  4.— Trap  uaed  with  shallow  pumping  wells,  uct  is  blended  with  naphtha. 

a,  gas  outlet;  b,  gas  and  oU  hiJet;  c,  oil  outlet;        ^his   COmpaUV  has   three   dif- 
rf,  manhole;  e,  nleon  out;  /,  holes  for  gape  gl&an.  i         .  i«    • 

ferent  production  conditions  to 
meet  in  the  use  of  traps  as  follows:  (1)  Shallow  pumping  weUs  whicli 
have  little  or  no  gas  pressure,  (2)  deep  pumping  wells  with  varying  pres- 
sures of  gas,  and  (3)  deep  flowing  wells  which  have  more  or  less  presstuv 
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on  both  gas  and  oil  at  all  tiines  and  flow  by  head.    Each  condition  is  met 
by  the  use  of  traps  of  somewhat 
different   design   and   operation. 

Oil  and  gas  from  the  shallow 
pumping  wells  is  carried  through 
flow  lineS;  each  controlled  by  a 
check  valve,  to  a  manifold,  from 
which  all  the  oil  and  gas  goes 
through  one  hne  to  a  simple  trap 
(fig.  4),  the  gas  drawn  out  at  the 
top  at  5  to  15  inches  vacuum  to 
the  scrubbers  and  vacuum  pump, 
the  oil  being  drawn  off  at  a  point 
near  the  trap  bottom,  to  storage. 

Productionfromdeepwellsflow- 
ing  or  pumping  by  '^  heads,"  which 
often  builds  up  pressure  in  traps 
and  hues  by  rushes  of  oil  and  gas 
too  large  for  the  normal  capacity  of 
simple  traps  and  vacuum  pumps, 
is  handled  by  traps  of  special  de- 
sign, shown  in  figure  5 .  Two  lines 
are  laid  from  the  well;  one  from 
the  well  tubing  carries  oil  and  gas 
pimiped,  or  flowing  together,  the 
other  hne  carries  gas  from  between 
the  casing  and  tubing.  These  lines 
are  joined  a  few  foet  back  of  the 
trap  intake,  thus  forcing  all  the  gas 
and  the  oil  to  flow  together  into 
the  trap  at  a  point  near  the  top; 
the  gas  separates  from  the  oil  and 
flows  out  at  the  top  of  the  trap  to 
the  vacuum  pump.  The  oil  flows 
out  near  the  trap  bottom  through 
a  Crane  balanced  globe  valve. 
The  stem  of  the  valve  is  rigidly 
connected  to  a  counterbalanced 
float  tank,  which  rises  as  the  oil  in 
the  trap  becomes  low,  closing  the 

V  alve ;  fills  and  pulls  the  valve  open    Fiqure  S.— Trap  used  on  flow  lines  under  pressure. 

when  the  flow  increases  and  the      Lf^^^]^!f'  *' ^v*^lf",^'''  \^f  "Tf 

.  .  balance;  (l,floattank;«,  3-Inch  Crane  balance  globe 

OU  rises   in   the   trap.      The   float       valve;/,oUouUet;  ^,  holes  for  gage  glass;  a,  cham- 
tank    is    connected    both    to    the       »>er;<,  swinging  pipe  connections. 

top  and  the  bottom  of  the  trap,  as  shown  in  figure  5,  by  swinging 
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pipe  connections.  As  the  oil  rises  and  falls  in  the  trap  oil  floixrs  in 
and  out  of  the  float  tank  through  the  bottom  pipe  connection.  The 
top  pipe  connects  the  float  tank  and  the  top  of  the  trap  and  acts 
only  as  a  pressure  equalizer.  This  trap  is  of  standard  design  and  is 
marketed  by  supply  companies.     The  trap  shown  in  figure  6  was 
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GENERAL  ARRANGEMENT  OF 
TRAP  AND  PIPE  CONNECTIONS 

Figure  6.— Trap  used  with  flowing  wells. 

designed  by  the  company  using  this  system  of  holdmg  vacuums  on 
traps.  It  is  used,  particularly  with  flowing  wells,  in  much  the  same 
way  as  the  trap  shown  in  figure  5  and  operates  automatically. 

When  the  oil  level  rises  above  a  certain  point  the  gas  dischaige 
shuts  off  entirely.  This  permits  pressure  to  build  up  on  both  intake 
and  discharge  oil  lines,  causing  a  back  pressure  on  the  intake  and  a 
greater  flow  from  the  discharge;  the  trap  thus  clears  itself  and 
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returns  to  normal  operation.  It  is  set,  as  shown  in  figure  6,  above 
both  the  well  head  and  the  storage  tanks,  so  that  when  the  oil  and 
gas  flow  is  small  and  a  vacutun  is  built  up  in  the  trap  the  20-foot 
drop  and  the  horizontal  check  valve  in  the  discharge  line  keep  the 
oil  from  backing  up  into  the  trap,  and  permitting  air  to  enter  the 
trap  and  the  gas  lines. 

As  an  example  of  loss  of  the  light  fractions  of  oil  in  storage^  a 
55,000-barrel  storage  tank  filled  with  Gushing  crude  oil  is  reported 
by  A.  N.  Kerr,  of  the  Riverside  Western  Gasohne  Co.,  to  have  lost 
by  evaporation  9  inches,  or  2.5  per  cent  of  its  total  content,  in  one 
year.  The  loss,  without  doubt,  consisted  entirely  of  the  light  frac- 
tions that  make  up  the  gasoline  content  of  the  crude  oil  as  it  comes 
from  the  wells.  Much  of  this  loss  might  have  been  saved  by  using 
vacuimi  traps  or  by  covering  the  tank  and  connecting  it  to  the 
intake  line  of  a  compression  plant. 

FIELDS    IN   WHICH   TRAPS   ARE   USED. 

Traps  are  used  more  \iniversally  in  the  California  fields  than  in 
other  fields  throughout  the  United  States,  because  in  California  oil 
is  sold  on  a  gravity  basis,  making  it  desirable  and  profitable  to  retain 
as  large  a  proportion  of  the  hght  fractions  as  possible  in  the  oil  in 
order  to  keep  the  gravity  at  a  maximum.  The  general  practice,  with 
the  exception  of  the  company  using  vacuum  traps,  previously  men- 
tioned, is  to  hold  pressure  on  traps  to  save  the  Hght  or  gasohuo 
fractions. 

Plate  I,  By  shows  a  view  of  the  Starke  trap,  designed  and  patented 
by  Dr.  Eric  A.  Starke,  of  the  Standard  Oil  Co.  of  California,  and  used 
by  that  company. 

Plate  I,  (7,  shows  the  McLaughlin  compound  trap,  capacity  800 
barrels  of  oil  and  7,000,000  cubic  feet  of  gas  per  day  at  300  pounds 
pressure,  patented  by  A^  C.  McLaughlin,  of  the  Kern  Trading  & 
Oil  Co.,  on  the  left,  and  the  McLaughlin  single-chamber  trap,  on  the 
right.    Plate  III,  A  shows  the  cone  chamber,  McLaughlin  trap. 

Simple  cyUndrical  traps  used  in  the  FuUerton  field  in  conjunction 
with  a  casing-head  gasoline  plant  are  shown  in  Plate  IV,  A. 

aATHBBrNra  lines. 

Gas  from  casing  heads,  tubing,  traps,  or  flow  tanks  to  bo  treated 
by  compression  is  led  through  small  (usually  2-inch)  hues  to  a  gas 
main  that  carries  it  directly  to  the  plant  or  to  a  vacuum  or  pumping 
station. 

At  plants  where  the  gas  comes  from  near-by  wells  and  the  gather- 
ing lines  are  short,  and  it  is  not  desirable  to  hold  a  high  vacuum  on 
the  wells,  the  vacuimi  needed  to  carry  the  gas  through  the  lines  is 
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often  developed  in  the  low-pressure  cylinder  of  the  compression  plant. 
By  this  method  a  vacuum  pump  is  at  many  plants  unnecessary,  and 
the  plant  is  simplified  by  requiring  one  less  \mit.  From  this  con- 
dition the  practice  varies  to  plants  at  which  gas  is  gathered  from 
areas  as  large  as  32  square  miles,  with  6  and  8  inch  mains  7  to  10 
miles  long,  and  as  many  as  30  substations  or  gas  piunps  forcing  gSi? 
through  the  pipe  lines  to  the  compression  plant  and  holding  the 
desired  vacuiun  on  the  wells.  In  order  to  hold  high  vacuums  on 
the  wells  from  which  gas  is  being  drawn  it  is  necessary  to  have  the 
vacuum  pump  close  to  the  weUs,  as  it  is  impossible  to  maintain  a 
minimimi  pressure  through  pipe  lines  of  great  length. 

In  designing  a  plant  or  plants  to  treat  gas  coming  from  a  large  area 
the  number  of  plants,  the  mmiber  of  vacuum  and  booster  stations, 
the  situation  of  the  plant  or  plants,  and  the  size  and  length  of  the 
pipe  hues  require  careful  mathematical  calculations  to  determine  the 
most  economical  installation.  Many  plants  visited  by  the  writer 
showed  that  httle  or  no  consideration  had  been  given  to  these  fea- 
tures. Such  conditions  may  be  due  partly  to  the  use  of  gas  lines 
laid  before  the  treatment  of  gas  was  consideif'ed  and  the  reversal 
of  the  direction  of  flow  in  parts  of  such  hues  in  order  to  bring  the  gas 
to  the  plant.  The  fall  in  pressure  as  the  gas  flows  through  the  pipe 
lines  and  the  increase  in  volume  caused  by  the  lowered  pressing  and 
the  increased  nimiber  of  lead  lines  from  wells  as  the  gathering  pro- 
gresses toward  the  plant,  make  it  essential  to  use  pipes  of  progres- 
sively increasing  diameter  as  the  gas  approaches  the  plant. 

If  vacuum  pumps  and  booster  stations  are  placed  at  points  in  the 
gathering  lines  to  reduce  the  volume  and  increase  the  pressure  of 
the  gas,  the  hues  leading  from  such  plants  may  be  smaller  than  those 
transmitting  the  gas  under  lower  pressures. 

In  practice  the  sizes  of  gas  mains  have  been  determined  usually 
by  rule  of  thumb  and  bear  Uttle  relation  to  the  actual  voliunee, 
gravities,  and  pressures  of  the  gas. 

FLOW    OF   GAS    IN    PIPE    LINES. 

In  designing  gathering  systems  of  compression  plants  to  treat  or 
pump  gas,  the  determination  of  the  proper  size  of  pipe  to  use  in 
Uncs  for  carrying  a  given  quantity  of  gas  at  known  pressures  is  so 
essential  that  the  writer  beUeves  the  formulas  covering  these  points 
a\t11  be  of  value  and  interest  to  those  engaged  in  compressing  gas. 
Formulas  and  tables  on  the  flow  of  gas  in  pipes  have  been  developed 
by  T.  R.  Weymouth,  of  Oil  City,  Pa.,  and  discussed  by  him  in  a 
paper  **  written  for  and  published  by  the  American  Society  of  Mechan- 
ical Engineers.  These  formulas,  with  that  part  of  the  paper  that 
treats  of  the  flow  of  gas  in  pipe  lines,  are  given  on  pages  107  to  112. 

a  Weymouth,  T.  K.,  Problems  in  natural-gas  engineering:  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  34, 1912, 
pp.  18&-234. 
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DBIPS  AND  SCBTTBBEBS. 

Particles  of  crude  oil  are  often  carried  into  gas  lines  from  flow 
lines,  flow  tanks,  and  traps;  these,  with  fractions  of  heavy  vapors 
condensed  by  changes  in  temperature  and  pressure  of  the  gas  in  the 
transmission  lines  would,  if  not  removed,  cause  trouble  in  the  pipes, 
ilamage  machines  and  meters,  and  discolor  the  condensate  produced 
in  the  first-stage  accmnulators. 

DRIPS. 

Drips  are  placed  at  the  low  points  in  gas  pipe  Unes  to  coUect  and 
remove  condensed  moisture  and  naphtha  vapors  and  crude  oil  car- 
ried into  the  hne,  which  if  permitted  to  accumulate  would  restrict 
the  passage  and  might  do  considerable  damage  by  being  forced 
'through  the  line  as  a  slug,  forming  a  powerful  hammer.  The  type 
of  drip  usually  found  is  constructed  of  one  or  two  lengths  of  6  or 
*  8  ijich  pipe  capped  at  both  ends  and  connected  by  a  1  or  2  inch  pipe 
and  valve,  placed  at  the  lowest  point  of  a  downward  curve  in  the 
gas  main.  The  hquids  settUng  to  this  point  drain  into  the  drip  and 
are  either  blown  out  and  wasted,  or,  if  the  quantity  and  quality 
warrant  saving,  are  collected  in  tanks  and,  after  being  distilled  or 
filtered,  are  used  for  blending  or  are  sold. 

Officials  of  a  plant  visited  by  the  writer  gave  the  following  data  on 
'^line  distillates ''  collected  by  tank  wagons  from  the  gas-line  drips: 

Data  on  dittUlaU  collected  from  gas-line  drips. 

Volume  oolleoted,  gallons. 

August,  1915 7, 000 

November,  1915 14,625 

January,  1916 19,142 

March,  1916 11.549 

Average  gravity  for  an  entire  year,  55**  B. 

The  figures  represent  the  total  quantity  of  condensate  collected 
during  the  month  named  and  show  the  direct  effect  of  atmospheric 
temperature  on  the  quantity  precipitated.  The  product  as  collected 
was  discolored,  but  as  all  the  condensate  produced  was  shipped  to 
the  refinery  with  the  crude  oil  in  pipe  lines,  the  color  of  the  line  dis- 
tillate was  of  no  importance. 

SCRUBBERS. 

The  term  ''scrubber,"  as  used  in  the  casing-head  gasoline  industry, 
is  restricted  in  its  meaning  to  tanks  for  settling  hquids  out  of  the 
gas  or  to  tanks  fitted  with  baffles  or  some  form  of  filter  for  removing 
liquids  or  dust  from  the  gas,  and  is  not  used,  as  in  the  coke-oven  or 
the  artificial  gas  industries,  to  designate  equipment  in  which  certain 
constituents  are  removed  by  chemical  action  or  absorption  in  liquids. 

The  usual  form  of  scrubber  is  a  vertical  tank  (see  Plate  IV,  B) 
varying  from  3  by  6  feet  to  6  by  20  feet  in  size,  with  a  gas  inlet  in 
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the  side  and  near  the  bottom,  the  end  of  the  mlet  pipe  being  txmidj 
downward  or  fitted  with  a  baffle,  so  that  the  gas  discharges  towarf 
the  bottom.  The  gas  rises  through  the  tank  slowly,  thus  pennitting 
particles  of  liquid  or  dust  to  settle. 

Scrubbers  of  the  filter  type  are  of  the  same  size  and  form  as  th* 
settling  tank,  but  have  perforated  horizontal  partitions  on  which  are 
various  filtering  mediums  such  as  moss,  hay,  or  sponge.  When  the 
filtering  medium  becomes  saturated  or  dirty  it  is  removed  and 
burned,  if  moss  or  hay,  or  is  cleaned  and  replaced,  if  sponge  is  used 
Scrubbers  are  always  put  in  pipe  lines  ahead  of  compression  machines, 
meters,  and  the  pump.  They  also  serve  as  intake  receivers  for  the 
gas  pump  or  the  compressor,  one  tank,  3  by  6  feet  in  size,  being  used 
on  the  intake  of  each  machine,  or  a  tajJc  of  corresponding  larger 
capacity  for  the  entire  plant  intake. 

VACUUM   STATIONS. 

The  number  and  the  situation  of  vacuum  pumps  and  booster  sta- 
tions on  a  gas-gathering  system  depend  on  the  vacuum  to  be  held  on 
the  wells,  and  the  length  and  size  of  the  pipe  Unes  through  which  the 
gas  is  to  be  forced.  When  it  is  desired  to  hold  the  vacuum  on  the 
wells  at  the  maximum,  as  is  usual  in  the  eastern  fields,  the  vacuum 
pump  must  be  placed  near  the  wells,  because  friction,  and  often  pipe- 
line leakage,  reduces  the  suction  on  the  well.  The  most  common 
vacuum-pump  installation  consists  of  a  gas  engiae  of  35  to  70  horee- 
power  belted  to  a  duplex  pump  having  cylinders  varying  between 
10  by  17  inches  and  20  by  20  inches.  Intake  pressures  vary  between 
14  and  26  inch  vacuums,  and  discharge  pressures  between  a  vacuum 
of  5  inches  and  a  gage  pressure  of  6  pounds. 

The  ''booster,''  if  used,  is  to  be  placed  in  the  same  building  as  the 
vacuum  pump.  Power  is  developed  by  a  25  to  70  horsepower  gas 
engine,  either  belted  or  direct  coimected  to  a  compressor  used  to 
increase  the  pressure  and  force  the  gas  through  field  lines  either  to 
another  pump  and  booster  or  to  the  main  compression  plant.  Com- 
pressors used  in  this  way  take  gas  directly  from  the  discharge  of  the 
vacuum  pump,  usually  holding  a  light  (zero  to  5-inch)  vacuum  at 
the  intake,  thus  reUeving  the  pimip  from  working  against  high  dis- 
charge pressures.  Gas  pimips  are  built  too  light  to  pump  gas  against 
pressures  exceeding  10  pounds  and  usually  discharge  at  nearly  zero 
gage  pressm^.  Compressors  used  as  boosters  deliver  gas  to  the  lines 
at  pressures  of  20  to  40  poimds  and  at  any  temperature  incident  to 
the  compression. 

Keeping  gas  imder  positive  pressure  through  as  much  of  the  gathe^ 
ing  system  as  possible  tends  to  prevent  air  being  drawn  in  and  con- 
taminating the  gas,  although  any  pressure  high  enough  to  keep  air 
from  leaking  in  also  permits  some  gas,  charged  with  condensable 
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vapors,  to  escape.  •  Air  in  gas  cuts  down  the  volume  of  gas  treated, 
necessitates  the  use  of  higher  pressures  to  precipitate  the  condensate, 
and  carries  varying  proportions  of  water  vapor  which  condense  with 
the  gasoline.  Another  advaatage  of  transmitting  gas  under  pressure 
is  that  pipe-line  capacities  are  increased,  making  possible  the  use  of 
pipe  of  smaller  diameter  in  the  gathering  system. 

There  is  a  decided  tendency  at  the  present  time  in  favor  of  welded 
joints  in  pipe  lines  to  carry  gas  either  at  vacuums  or  positive  pres- 
sures. It  is  claimed  that  lines  with  such  joints  cost  less  in  upkeep 
and  repairs  aad  caa  be  maintained  practically  gas  tight. 

SmiATION  OP  PLANT. 

Factors  entering  into  the  problem  of  the  best  situation  for  a  com- 
pression plant  to  treat  gas  from  a  given  area  are  so  numerous  and 
varied  that  no  rules  which  would  apply  even  in  a  general  way  to  all 
conditions  foimd  in  oil  fields  can  be  given. 

The  most  important  factors  and  those  which  will  have  the  greatest 
weight  in  determirung  the  most  practicable  situation  for  a  plant  are: 
Water  supply,  transportation  facilities,  and  the  length  of  gathering 
lines  and  return  dry-gas  lines  necessary.  In  eastern  fields  an  ample 
water  supply  can  usually  be  easily  obtained  from  a  creek,  river,  or 
well,  and  causes  little  concern  to  plant  operators,  but  in  the  Mid- 
Continent  and  the  western  gas-producing  areas  the  question  of  water 
supply  often  becomes  of  major  importance. 

In  the  California  fields  some  plants  pay  as  high  as  3^  cents  per  barrel 
for  water,  which  has  to  be  treated  or  condensed  before  it  is  fit  for  use 
in  boilers  or  jackets.  Other  plants  pump  their  water  for  distances  of 
several  miles,  and  at  these  the  cost  of  installation,  operation,  and 
upkeep  of  the  pimips  and  the  pipe  lines  make  the  cost  of  water  an 
important  item.  One  California  plant  is  using  water  separated  from 
the  oil  in  a  dehydration  plant  on  the  cooling  coils,  and  is  distilling 
and  condensing  water  for  jacket  use,  all  other  sources  of  water  having 
practically  failed. 

It  is  obvious  that  the  nearer  the  plant  is  to  the  center  of  gas  pro- 
duction the  smaller  will  be  the  size  of  the  pipe  lines  and  the  amount 
of  power  required  to  conduct  the  gas  to  the  plant.  However,  other 
factors,  such  as  water-supply  and  transportation  facilities  may  affect 
the  choice  of  a  site.  The  plant  should  be  so  situated  as  to  suit  best 
all  conditions,  each  being  considered  in  regard  to  the  others.  Com- 
pression plants  are  often  built  on  a  hillside,  advantage  being  taken 
of  the  natural  slope  to  install  a  gravity  system  of  handling  the  water 
and  the  condensate.  The  water,  being  drained  from  all  poiats  of 
use  to  one  pond  or  basin,  requires  only  one  pumping  imit  to  return 
it  to  the  top  of  the  towers  or  the  storage  tank  above  the  plant, 
Erom  which  it  is  drawn  for  all  purposes.    Plates  II,  B,  and  III,  J5, 
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show  plants  using  a  gravity  system  for  handling  water  and  ca 
densate.  In  this  system  the  condensate  can  be  run  by  gravity  fra 
accumulators  and  ''make"  tanks  to  storage  and  blending  tani 
The  accTimidators  do  not  have  to  be  set  in  pits  or  cellars;  this  is 
decided  advantage,  because  gasohne  vapor  may  collect  in  such  pi 
tmless  they  are  thoroughly  ventilated,  in  sufficient  quantity  to  foi 
an  explosive  or  asphyxiating  atmosphere  and  endanger  liie  safe 
of  the  plant  and  the  men.  At  plants  visited  by  the  writer  three  m 
have  lost  their  lives  by  suffocation  in  pits  filled  with  gasoline  ivm 
Some  plants  have  a  rule  that  a  man  before  going  into  a  cellar  ca| 
taining  accumulator  tanks  shall  notify  another  workman,  or,  if  the] 
is  known  danger  from  leaks,  men  shall  work  only  in  pairs  or  wi 
calling  distance  of  each  other.  Plants  are  often  built  on  a  hill 
rise  because  of  the  better  ventilation  and  the  cooling  e£Foct  on  wa 
towers  and  coils. 

DATA  ON  PLANT  PBACTICE. 

A  number  of  tables  compiled  from  data  taken  at  each  of  the  planl 
listed  in  Table  2  or  given  to  the  writer  by  owners  or  by  officials  of  ti 
various  companies  are  presented  herein. 

In  Table  2,  column  1  shows  the  field  in  which  each  of  the  plants 
situated.     Each  plant  is  given  a  number,  shoMm  in  column  2,  whic 
it  retains  throughout  all  tables  and  discussions  following.    Capacil 
and  production  data  of  these  plants  are  shown  in  coltunns  3  to 
Colmnn  3  shows  the  quantity  of  gas  treated,  in  thousands  of  c 
feet,  as  estimated  by  plant  operators,  or  computed  from  meter 
ings,  or  from  the  compressor  displacement  and  the  number  of  re 
lutions,  or  the  pipe-line  capacities  at  measured  pressures.    Col 
4  represents  the  production,  after  weathering,  of  imblended  gasoli 
and  is  approximately  the  quantity  of  condensate  sent  to  marl 
Tank-car  outage  (or  loss  in  transit)  has  not  been  deducted,  as  thi 
factor  varies  widely  with  the  distance  traveled  by  the  cars  and 
temperatures  encoimtered  during  the  shipment.    Column  5  sho 
the  number  of  gallons  of  condensate  produced  from  each  thoi 
cubic  feet  of  gas  treated,  based  on  the  plant  capacity  and  the  to 
product  sold,  as  indicated  in  column   4.    The  gravity  in  d 
Baumfi,  as  given  in  column  6,  is  determined  from  the  plant  p 
as  a  whole,  before  blending,  or  computed  from  the  gravity  of  ti 
blend,  the  quantity  and  the  gravity  of  the  blending  stock  used  beii^ 
known. 
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2. — Data  $hamng  situationy  capacity^  and  output  of  the  plants  visited,  and  the 

ffravity  of  the  product. 


Field  vrhere  plant  is  situated. 


lomla  fields: 
FullertoQ 

Do 

Do 

Do 

Do 

Santa  Maria 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Ventura 

Do 

Salt  Lake 

Do 

Do 

Midway 

Do. 

Do 

stem  fields: 

Bradford.  Pa 

Sistersville^W.  Va. 

Do 

Do 

Do 

Soathem  Illinois. . 

Do 

Do 

l-Continent  fields: 
Glenn  pool 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sooth  Qlenn  pool. . 
Morris 

Do 

BegBB 

Muskogee 


Do. 

Qlenn  pool 

Gushing  pool 

Cleveland 

Muskogee 

Do 

Cu5hinK 

Nowata 

Do 

Do 

Do 

Morris 

Do 

Nowata 

Do 

Do 

Glenn  pool w. 

Do 


Plant 
No. 


1 
2 
3 
4 

6 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

1« 

17 

18 

6  19 

20 

»21 

22 
23 
24 
«25 
26 
27 
28 
20 

30 
31 
32 
33 
34 
35 
36 
37 
S8 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 


Capacity 

(inl.OOO 

cubic  feet). 


1,000 

350 

450 

1,250 

5,000 

2,500 

7,500 

500 

1,000 

750 

1,500 

700 

1,000 


250 
750 


1,800 
1,500 
1,000 

600 
200 
375 


500 
750 


750 

375 

3,000 

1,800 

750 

350 

2,000 

400 

750 

200 

250 

850 

450 

300 

500 

350 

300 

350 

1,200 

2,000 

1,200 

260 

250 


/2,250 

1,250 

380 

830 

2,000 

400 

1,000 

600 

280 

487 

515 


Dally 

production, 

gallons. 


600 
1,200 

700 
1,600 
1,200 
5,500 
7,500 
500-600 
2,500 
1,200 
3,000 
1,500 


2,000 

800 

825 

810 

1,500 

1,400 

1,400 

700 

1,200 

800 

1,500 


600 
200 


3,000 

1,500 

22,500 

9,000 

5,250 

1,500 

2,310 

2,565 

6,055 

510 

600 

550 

1,200 

300 

1,850 

710 

730 

300 

2,380 

2,810 

2,000 

925 

500 


10,000 
1,600 

600 
1,500 
3,000 

725 
1,900 
1,100 

420 
1,948 
2,062 


Gallons 
produced 
per  1,000 
cubic  feet 

of  gas. 


0.60 
8.40 
1.50 
1.30 
.24 
2.20 
1.00 
1.00 
2.50 
1.60 
2.00 
2.10 


2.00 


1.30 
1.10 


.78 
.90 
.70 

2.00 
4.00 
4.00 


.75 


(14.00 
d4.00 
7.40 
5.00 
7.00 
4.52 
1.10 
6.40 
6.70 
2.50 
2.40 
1.60 
2.40 
1.00 
3.60 
2.10 
2.44 
.85 
2.00 
1.40 
1.67 
8.70 
«2.00 


4.00 
1.30 
1.60 
1.60 
1.50 
1.90 
1.90 
2.20 
1.50 
9  4.00 
9  4.00 


Gravity, 
•B. 


68 

76 

78-80 

72-74 


81 
70 
70 
80 
74 
79 
81 


86 


66 
00-65 
68-70 
68 
67 
80 

96 
88 
90 


88 
83 
83 


n 

84 
82 
82 
96 
78 
85 


» Plant  not  in  commission. 

^  Plant  capacities  doubled  and  expansion  sets  installed  or  improved;  product  per  1,000  feet  of  gas  in- 

lased. 

B  At  this  plant  gas  is  compressed  in  one  stage  to  a  pressure  of  150  pounds. 

(Estimated. 

'  Kiriit  per  cent  water  with  hif^  and  low  pressure  product 

f  Thirty  per  cent  air. 

r  Volume  of  gas  estimated  from  product  at  4  gallons  per  1,000  cubic  feet  a  conservative  estim»ta  for 

■  from  wells  m  the  Glenn  pool 
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Table  2. — ^7*  ata  showing  sitiLation,  capacity,  and  output  of  the  plants  visited^  and  tk 

gravity  of  the  product — Continued.. 


Field  where  plant  is  situated. 

Plant 
No. 

Capacity 

(in  1,000 

cubic  leet). 

Dally 

production, 

gallons. 

Gallons 
produced 
perl,000 
cubic  feet 

of  gas. 

Gravity, 
•B. 

Mid-Continent  fields— Continued. 

Qlenn  pn^l ... 

65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

80 

90 

90 

98 

136 

125 

141 

712 

375 

466 

124 

173 

2,000 

400 

45 

250 

1,750 

350 

351 

384 

545 

500 

566 

2,864 

1,500 

1,864 

496 

690 

3.600 

'640 

350 

1,050 

5,400 

a  4. 00 

a  4.00 

a  4.00 

a  4. 00 

a  4. 00 

a  4. 00 

a  4. 00 

O4.00 

a  4. 00 

a  4. 00 

a  4. 00 

1.80 

1.60 

7.00 

4.20 

3.09 

Do. ...............\. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Oftddo  (I'-oui^^l^ina)   , . .    , . 

} 

Do 

1 

Do  Soto  (Louisiana) 

1 

Caddo  (T-^uisiftnft),  ....,, 

bi 

New  Jersey: 

Refinery ....  r ..,.,..,,  r r  - .  r . , . . . , 

76-ff 

a  Volume  of  gas  estimated  from  product  at  4  gallons  per  1,000  cubic  feet,  a  conservative  estimate  fer 
gas  from  wells  m  the  Qlenn  pool. 

b  50  per  cent  of  this  product  was  from  low-pressure  cylinder  and  50  per  cent  from  high-pressore  cyliDdff 
and  exx>ansion  coiL 

In  the  following  pages  the  writer  has  endeavored  to  describe  as 
nearly  as  possible  the  treatment  of  natiural  gas  in  the  recovery  of 
gasoline  by  the  compression  process^  and  the  mechanical  units  used. 

The  controlling  fimctions  of  low  and  high  pressure  compression 
units  of  the  plants  studied  by  the  writer  are  shown  in  Table  3. 

Plant  2  is  described  in  detail  in  pages  63  to  65.  Plant  5  is  a  gas- 
pumping  station,  the  condensate  collected  in  cooling  the  gas  before 
transmission  is  noted  as  production  in  Table  2  (p.  29).  This  gas 
after  transmission  through  the  pipe  lines  is  treated  in  an  absorption 
plant.  Plant  10  uses  three-stage  compression.  Plant  25  uses  one- 
stage  compression,  compressing  to  a  pressure  of  150  poimds.  Plant 
80  is  a  refinery  at  which  imcondensed  still  vapors  are  treated  bv 
compression;  this  plant  is  described  in  detail  in  later  paragraphs. 

PLANT  INTAKE. 

Table  3  shows  that  the  temperatiu'e  and  the  pressure  at  the  plant 
intakes  vary  widely.  The  pressures  tabidated  as  pressure  at  plant 
intake  represent  the  pressure  shown  at  the  suction  of  the  first-stage 
compression  cylinder.  Vacuimi  pumps,  even  if  installed  at  the  plant, 
are  considered  as  part  of  the  gathering  system,  and  vacuum  at  plants 
where  the  compression  cylinders  are  used  to  hold  vacuum  on  the 
gathering  system  is  taken  as  part  of  the  compression  operation  and 
not  as  a  part  of  the  gathering  system  to  which  it  rightly  belongs. 
The  intake  pressures  used  vary  from  18-inch  vacuum  to  5-pound 
pressure,  and  the  temperatures  from  60°  to  125°  F.,  the  average 
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pressure  being  approximately  that  of  the  atmosphere,  and  the  average 
temperature  80^  F.  The  temperature  of  60^  F.  noted  above  was 
recorded  at  plant  1,  where  the  gas  is  cooled  in  coils  placed  in  a  water 
tower  before  it  is  compressed,  and  the  temperature  of  125^  F.  at  a 
plant  where  a  vacumn-pump  discharge  is  used  as  the  first-stage  suction 
without  cooling. 

PREOOOLING. 

Cooling  the  gas  before  it  enters  the  first  stage  of  compression, 
although  not  generally  practiced,  has  distinct  advantages.  Reducing 
the  temperature  of  the  gas  decreases  the  voliune,  the  intake  pressure 
remaining  the  same,  so  that  more  gas  is  taken  into  the  compressor 
cylinder  at  each  stroke,  thus  increasing  the  efficiency. 

In  warm  climates  plants  having  gathering  lines,  traps,  and  scrub- 
bers exposed  to  the  sun,  which  may  heat  the  incoming  gas  to  tempera- 
tures higher  than  110°  F.,  or  having  gas  pumps  and  *' booster''  com- 
pressors in  the  gathering  systems  with  no  cooling  coils  after  such 
units  and  before  the  plant  intake,  can  by  installing  coils  or  other 
cooling  Apparatus  increase  both  the  plant  efficiency  and  the  carrying 
capacity  of  the  pipe  lines.  Cooling  the  intake  gas  30°  or  60°  F.  will 
increase  the  quantity  treated  by  a  compression  imit  6  to  10  per  cent 
and  lower  proportionally  the  temperature  of  the  gas  discharged  from 
the  compressor.     (See  Table  11,  p.  112.) 

A  plant  in  California  lowered  the  temperature  of  the  gas  about 
40°  F.  by  passing  it  through  a  water-cooled  coil  ahead  of  the  low- 
pressure  intake.  On  the  day  of  the  writer's  visit  1,250,000  cubic 
feet  of  gas  was  handled  and  the  temperature  lowered  from  114°  to 
74°  F.  The  coil  used  consisted  of  twelve  3-inch  pipes  25  feet  long, 
in  10-inch  headers,  placed  horizontally  in  the  cooling  tower  below 
the  high  and  the  low  pressure  gas  coils. 

A  plant  in  Louisiana  uses  water  cooling  ahead  of  the  vacuum 
pump  and  the  first-stage  compression  intakes.  In  gas  transmission 
gas  piped  to  market  is  always  cooled  before  being  permitted  to  enter 
the  mains,  in  order  to  increase  the  capacity  of  the  line  and  to  pre- 
cipitate as  much  condensate  and  water  vapor  as  possible. 
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FntST-STAQE  PBESSUBES  AND  TEMPEBATXTBBS  XJSBI>. 

In   plants   using   two-stage   compression,    the    average   press 
developed  by  the  first  stage  is  between  40  and  50  pounds  per  squ 
inch;  the  temperature  rises  to  between  200^  and  250^  F.,  depen 
on  the  temperature  of  the  gas  at  the  compressor  intake  and  t 
number  of  compressions  developed. 

The  increase  in  temperatiu'e  of  the  gas  from  compression  is  a  fun 
tion  of  the  power  used  to  raise  the  pressure  to  the  desired  point, 
power  used  depends  on  the  number  of  compressions  through  i^hidi 
the  gas  is  forced  between  its  initial  and  final  volume.  As  the  amount 
of  power  actually  expended,  and  not  the  initial  and  the  final  pressure, 
determines  the  rise  in  temperature  the  temperature  increase  due  to  a 
given  number  of  compressions  should  be  the  same.  If  the  intake 
temperatures  of  the  high  and  the  low  stage  compressor  cylinders 
are  equal,  the  final,  or  discharge,  temperature  of  both  cylinders  of  a 
two-stage  compressor  or  of  two  single-stage  machines  acting  as  a  high 
and  a  low  stage  unit  should  be  the  same,  provided  they  are  of  equal 
horsepower  and  working  properly  and  under  uniform  conditions. 
This  is  found  to  be  approximately  true  in  plant  practice,  as  is  shown 
by  the  temperatures  of  the  compressor  discharges  given  in  Table  3. 

The  line  carrying  the  compressed  gas  from  either  the  high  or  the 
low  stage  cylinder  is  usually  fitted  with  safety  valves  set  to  pop  at 
pressures  of  5  to  20  pounds  above  the  desired  pressure  in  order  to 
protect  the  machine  in  case  a  valve  farther  along  in  the  system  may 
have  been  left  closed  or  a  pipe  in  the  coils  or  other  imits  in  the  gas 
circuit  should  become  stopped  or  clogged,  thus  causing  pressure 
to  build  up  throughout  the  system.  In  plants  using  expansion 
engines  this  condition  may  occur  at  any  time  through  the  en^me 
valves  freezing,  thus  stopping  the  usual  discharge. 

ATMOSPHEBIO  OOOUNa. 

The  compressed  gas  discharged  from  the  compressor  is  earned 
through  an  oil  separator,  placed  just  ahead  of  the  cooling  cotls, 
which  traps  any  lubricating  oil  vaporized  in  the  cylinders  or  earned 
mechanically  with  the  gas,  the  oil  being  condensed  by  the  time  the 
gas  reaches  the  trap.  Cooling  to  this  point  is  effected  by  radiation 
to  the  atmosphere  surrounding  the  gas  discharge  pipe  and  to  ^be 
jacket  water  around  the  compressor  cylinder.  Some  operators  aare 
employing  air  cooling  extensively  in  order  to  save  water,  ihe 
practice  being  to  use  a  much  larger  pipe,  exposed  as  far  as  possible 
to  the  atmosphere,  for  conveying  the  hot  gas  from  the  compressor 
discharge  to  the  water  coils,  thereby  reducing  the  speed  of  flow  and 
so  increasing  the  time  of  transmission  that  the  temperature  of  the 
gas  is  materially  lowered.  One  plant  with  a  daily  capacity  of 
1,250,000  feet  and  using  6-inch  pipe  to  carry  both  high  and  low 
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« 

pressure  gas  to  the  coils,  reduces  the  temperature  between  the  com- 
pressor discharge  and  the  coil  intake  80°  (240°  to  160°  F.)  even  in 
warm  weather.     In  cold  weather  the  reduction  is  greater. 

Methods  of  air  cooling  are  being  rapidly  developed  and  installed 
in  districts  where  water  is  scarce  and  expensive,  or  the  supply 
imeertain. 

OOOUNG  COILS. 

In  the  eastern  fields  the  cooling  coils  are  generally  of  the  continuous, 
submerged  type,  consisting  of  a  2-inch  pipe  20  feet  long,  submerged 
in  a  tank  of  water.  The  total  length  of  the  coil  varies  between  300 
and  500  feet,  and  the  radiating  area  is  0.6  to  0.7  square  feet  per 
1,000  cubic  feet  of  plant  capacity,  and  2  to  5  square  feet  per  horse- 
power used  in  compression.  A  continuous  flow  of  water  through  the 
tank  cools  the  gas  to  approximately  the  same  temperature  as  the 
water. 

In  western  and  Mid-Continent  practice  a  different  method  has 
been  developed.  Because  of  the  difficulty  of  obtaining  a  continuous 
supply  of  cool  water,  it  is  necessary  to  use  the  same  water  over  and 
over  again  in  a  closed  circuit,  the  water  being  cooled  in  towers  or  in 
sprays  over  the  principal  storage  pond  or  basin. 

OOOLXNG  WATEB  BY  EVAPOBATION  AND  BADIATION. 

Water  exposed  to  air  cools  in  two  ways — by  radiation,  as  long 
as  the  water  is  warmer  than  the  air,  and  by  evaporation.  *  To  obtain 
the  greatest  cooling  effect  the  water  must  be  so  exposed  to  the  air 
as  to  present  the  greatest  possible  surface.  At  some  plants  the  water 
is  cooled  in  towers  (PI.  V,  A)  by  means  of  sprays,  or  by  permitting 
the  water  to  fall  in  small  streams  on  wire  netting  or  screens,  usually 
placed  above  the  coils,  thus  atomizing  the  water  and  presenting  a 
large  surface  to  the  air.  The  falling  spray  is  often  collected  by 
V-shaped  troughs  that  are  placed  a  few  inches  above  the  top  pipe  of 
the  coil  and  direct  the  flow  of  cooled  water  over  the  entire  series  of 
pipes.  The  water,  dripping  from  the  lowest  pipe  of  the  coil,  is  col- 
lected in  a  shallow  basin  beneath  the  coil  and  the  tower,  pumped  to 
the  top  of  the  tower,  and  used  again. 

Plates  VI  and  VII  show  views  of  a  compression  plant  and  the 
general  arrangement  of  towers,  compressor  building,  and  storage 
tanks. 

Some  plants  use  a  spray  over  a  pond.  The  water  is  collected 
beneath  the  coils  and  conducted  to  a  cistern  from  which  it  is  pumped 
through  upward  sprayers  placed  over  the  storage  pond,  thence  it  is 
again  pumped  over  the  coils.  The  finely  divided  particles  of  water 
in  the  spray  are  cooled  by  radiation  and  evaporation  while  falling 
into  the  main  body  of  water  below.     This  system,  although  producing 

a  Hsasbrand,  E.,  Eyiq>orating,  condensing,  and  cooling  apparatus,  1903,  400  pp. 
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satisfactory  temperatures,  wastes  more  water  than  the  tower  installa- 
tions, more  being  carried  away  mechanically  by  the  wind;  there  is 
also  a  waste  due  to  seepage,  if  the  pond  is  of  earth.  The  surface  of 
the  water  in  the  pond  is  often  exposed  to  the  heat  of  the  sun,  which 
warms  the  body  of  water  after  cooling  and  before  use  over  the  coils. 
The  sun  has  a  decided  effect  in  raising  the  temperature  of  the  water 
m  regions  where  the  weather  is  warm  during  a  large  part  of  the  year, 
as  in  Oklahoma  and  southern  California. 

WATEB   COOLING   IN   TOWEES. 

In  towers,  during  hot  dry  weather,  temperatures  10®  to  40**  F. 
below  that  of  the  atmosphere  are  at  times  obtained  with  Tnininnini 
losses  of  water.  Many  plant  operators  who  have  not  experimented 
to  find  the  amount  of  water  that  gives  the  lowest  temperature 
to  the  gas  being  treated,  use  far  more  than  is  needed  or  gives  the  best 
results.  Water  falling  in  excessive  quantities  in  a  tower  does  not 
acquire  the  lowest  possible  temperature  from  radiation  or  evaporation, 
and  the  large  bulk  of  water  flowing  over  the  coils  can  not  cool  the 
gas  as  efficiently  as  a  smaller  amount  does,  for  the  same  reason.  The 
best  results  are  obtained  when  minimum  quantities  of  water  are 
circulated  and  finely  divided  while  passing  downward  through  the 
tower.  Only  enough  of  the  cooled  water  should  be  directed  onto 
the  pipe  coils  to  keep  all  parts  thoroughly  wet,  thus  giving  the  water 
the  greatest  possible  opportunity  to  evaporate. 

The  use  of  auxiliary  cooUng  agents  such  as  ammonia  or  ammonia 
and  brine  is  discussed  later  in  connection  with  the  descriptions  of 
plants  using  such  methods. 

It  may  be  of  interest  and  use  to  operators  to  note  here  the  latent 
heats  of  vapors  being  treated  in  the  cooUng  coils.  Burrell*  gives  the 
following  values  for  the  latent  heats  of  some  petroleum  distillates: 

Specific  gravities  and  latent  heats  of  four  distillates. 

Specific     Latent  heat, 
gravity,  'B.    B.  t.  u.  per 
pound. 

Kerosene 43  105 

Naphtha 56  103.5 

Gasoline 66  100. 6 

Gasoline 89  100.2 

In  gasoline  computations 'it  is  customary  to  use  as  the  latent  heat 
100  B.  t.  u.  per  pound.  Kent  gives  the  specific  heat  of  liquid 
gasoline  of  specific  gravity  0.68  to  0.70  as  0.53  to  0.55,  and  Lucke* 
quotes  Regnault  as  stating  that  methane  gas  has  a  specific  heat  of 
0.5929  at  constant  pressure  and  0.4505  at  constant  volimie. 

o  Borrell,  Q.  A.,  Personal  communicatian. 

h  Luoke,  C.  E.,  Engineering  tliennodynamios,  1912,  p.  678. 
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TTVB8  OF  COILS  AND  OONKECTIONS  USED. 

A  Two  systems  of  pipe  connections  are  used  between  compressor 
discharges  and  cooling  coils.  In  one  system  aU  low-stage  compressors, 
and  likewise  all  high-stage  compressors,  discharge  the  compressed 
gas  into  a  conmion  pipe  or  manifold,  from  which  it  is  distributed 
by  a  manifold  to  the  diJBFerent  sets  of  coils  being  used  to  cool  the  hot 
gas.  (See  figure  9,  page  50.)  The  other  system  is  to  lead  the  gas 
discharged  from  each  cylinder  through  a  separate  coil  which  cools  only 
the  gas  from  that  compressor,  the  gas  treated  by  each  unit  being 
kept  separate  throughout  its  entire  circuit.  The  first  method  has 
the  advantage  of  permitting  one  coil  to  be  shut  down  or  cut  out  for 
repairs  while  the  compressor  is  running,  the  dischai^e  from  that 
macliiae  being  cooled  in  the  coils  still  in  use,  or  conversely,  the  coil 
may  remain  in  use  while  the  compressor  is  idle,  and  treat  gas  from 
other  units.  In  the  second  method  of  connection  if  any  coil  or 
machine  is  out  of  conmiission  the  entire  imit  of  which  it  is  a  part 
must  be  stopped,  causing  more  of  the  plant  to  be  idle. 

Throughout  the  districts  making  natural-gas  gasoline  the  2-inch 
pipe  in  cooling  coils  is  standard,  and  only  a  few  plants  using  other 
sizes  were  found  by  the  writer. 

Systems  and  methods  of  connection  vary  widely,  ranging  from 
continuous  return-bend  coils  in  which  all  of  the  gas  passes 
through  the  entire  coil,  to  coils  which  divide  first  into  two  or 
more  headers,  and  then  into  nimierous  separate  pipes.  In  the 
multiple-header  system  each  portion  of  gas  passes  through  short 
lengths  (20  to  80  feet)  of  the  coil,  and  is  again  collected  by  headers 
before  going  to  the  accumulator  tank  and  to  the  next  stage  of  treat- 
ment. In  the  continuous  system  the  gas  passes  rapidly  through  the 
total  length  of  pipe,  its  temperature  being  reduced  during  the  whole 
time  of  travel  from  end  to  end  of  the  coil.  In  the  multiple  method 
the  rate  of  flow  in  each  pipe  is  reduced  in  proportion  to  the  number 
of  pipes  used,  so  that  the  gas  is  sufficiently  cooled  while  traveling 
through  such  a  short  length  of  coil. » 

There  is  much  difference  of  opinion  among  operators  as  to  which 
method  gives  the  more  satisfactory  results.  Many  of  the  newest 
plants  combine  the  two  methods,  as  follows:  Each  coil  unit  is 
divided  at  the  intake  by  a  header  into  3  to  12  sets  of  2-inch  continu- 
ous return-bend  coils,  each  being  4  to  16  pipes  high,  and  generally 
20  feet  long;  depending  on  the  cooling  area  desired.  The  intake 
header  is  placed  horizontally  at  the  top  of  the  coil  so  as  to  allow  the 
gas  to  travel  downward  in  the  same  direction  as  the  condensate.  At 
the  lower  end  of  each  set  of  return-bend  coils  the  gas  and  condensate 
are  again  collected  in  a  header  before  passing  to  the  accimiulator 
tant    Coils  of  this  type  and  of  the  single-pipe  continuous  type  have 
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the  great  disadvantage  of  being  '^hard  to  get  af  in  case  any  lengUi 
of  pipe  in  the  coil  needs  replacement,  whereas  in  multiple-header 
coils  in  which  the  ends  of  each  pipe  are  packed  in  a  gland,  any  mem- 
ber can  be  removed  or  replaced  without  taking  down  any  other  part 
of  the  coU. 

DIBECnONr  OF  FLOW  OF  OAS  AND  CONDENTSATE. 

It  is  universally  conceded  that  the  direction  of  flow  of  gas  and  con- 
densate should  be  parallel  and  not  countercurrent.  As  the  liquid 
will  drain  toward  the  lowest  point  in  the  coil,  the  gas  must  enter  at 
the  top  in  order  to  flow  with  the  condensate.  As  an  illustratiou  of  the 
effect  of  counter  flow,  a  plant  in  the  Caddo  field  usingatit  counter- 
current  flow  of  gas  and  condensate  in  the  water-cooled  coils  produces 
no  condensate  whatever  in  the  accumulator  tank  at  the  end  of  these 
coils.  The  gas  yields  11.8  gallons  of  condensate  per  1,000  cubic 
feet  treated,  but  this  condensate  is  all  precipitated  in  double-pipe 
condensers  cooled  by  expanded  gas  to  a  temperature  of  38®  F.^ 
in  which  the  flow  of  gas  and  hquid  are  parallel.  Undoubtedly  some 
condensate  would  be  precipitated  in  the  water-cooled  coil  if  the 
direction  of  gas  flow  was  reversed.  Other  plants  have  obtained 
similar  results  under  like  conditions;  one  example  being  a  Cali- 
fornia plant,  in  which  the  coil  discharge  pipe  sloped  upward  to  the 
accumulator  tank,  permitting  condensate  to  gather  in  the  bottom 
coils  and  discharge  pipe  and  be  constantly  in  contact  with  flowing 
gas.  The  acciunulator  tank  was  lowered  so  as  to  allow  a  drop  in 
grade  from  the  coils,  with  the  result  that  the  yield  of  condensate  at 
that  point  increased  noticeably.  It  seems  that  the  condensate  on 
long  and  intimate  contact  with  the  gas  as  above  described,  is  again 
taken  up  by  the  gas  as  a  vapor,  even  at  high  pressiu'es,  and  carried 
to  some  point  more  conducive  to  precipitation  and  separation. 

That  condensate  vaporizes  in  accumulator  tanks  has  also  been 
proved  and  has  given  rise  to  the  practice  of  trapping  off  the  liquid 
as  soon  as  coUected.  Because^  of  the  facts  stated,  it  appears  to  be 
the  best  and  most  productive  practice  to  separate  the  gas  and  con- 
densate as  soon  as  possible  after  all  the  condensable  fractions  have 
been  precipitated  and  always  to  allow  the  gas  and  condensate  to 
flow  in  the  same  direction.  If  the  above  arguments  hold  true  luider 
all  conditions,  it  would  seem  to  be  advisable  to  divide  the  gas  to  be 
cooled  into  a  number  of  coils  or  pipes  that  will  retain  it  only  long 
enough  to  obtain  the  maximum  cooling  effect  from  the  water  used^ 
and  to  separate  the  gas  and  condensate  as  soon  as  possible. 

In  order  to  divide  the  gas  from  a  header  equally  in  each  of  the  coils 
or  pipes  of  a  coil,  an  orifice  disk  is  sometimes  placed  in  the  in  take  from 
the  header;  the  constriction  causes  a  slight  back  pressure,  forcing 
the  gas  to  enter  each  coil  in  approximately  equal  quantities.     The 
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•  orifice  is  arbitrarily  determined  by  making  the  sum  of  the 
he  orifice  openings  equal  to  the  cross-sectional  area  of  the 
'ng  the  gas  to  the  header  from  the  compressor  discharge 
charge  manifold,  as  the  case  may  be. 

KADIATINa  AREA  OF  LOW-PBESSTJBE  COILS. 

lo  3  the  total  surface  areas  of  coik  used  in  cooling  gas  from 

cylinders  of  various  plants  visited  by  the  writer  are  tabu- 

Ti  the  area  per  1,000  cubic  feet  of  gas  treated  per  day;  also, 

per  horsepower  used  in  compression.     The  average  area  of 

•tween  0.6  and  0.7  square  feet  per  1,000  cubic  feet  of  gas 

aily  and  nearly  3.5  square  feet  per  horsepower  used  in  com- 

The  latter  factor  is  more  useful  for  plant  design,  as  the  heat 

d  in  compressing  gas  is  a  function  of  the  power  used  in  com- 

and  not  of  the  volume  of  gas  being  treated.     A  cooling  area 

are  feet  per  horsepower  is  usually  used  at  gas-pumping  plants 

proved  satisfactory  in  most  fields. 

a  10,  Table  3,  gives  the  temperature  of  the  gas  leaving  the 

e  water-cooled  coils  at  plants  where  such  data  was  recorded 

ilable.     l^ttnimum  temperature  should  be  maintained  to  pre- 

the  maximum  percentage  of  condensate  and  benefit  high- 

mpression,  as  explained  in  previous  paragraphs. 

these  coils  the  gas  passes  to  the  low-stage  accumulator  tanks. 

il  may  be  provided  with  a  separate  tank  or  all  the  coils  may 

iolded  to  one  tank.     Plate  III,  C(p.  26),  shows  the  alternate 

ment  of  accumulator  tanks  of  high  and  low  pressure  coUs,  each 

ing  a  separate  tank.     The  tanks  are  usually  3  to  4  feet  in  di- 

by  6  to  10  feet  high.     The  gas  is  led  in  at  the  side  of  the  tank 

ir  the  top  through  a  pipe  turned  or  baffled  downward  inside 

ank,  discharging  at  a  point  about  midway  between  the  top  and 

.     The  condensate  settles  to  the  bottom;  the  gas  discharges  at 

)  to  the  intake  line  of  the  high-pressure  cylinder  if  each  unit 

pendent  or  to  the  high-pressure  intake  manifold  if  that  system 

• 

I  and  low  pressure  coils,  with  intakes  alternating,  used  at  one 
iro  shown  in  Plate  V,  B  (p.  34). 

PBODTJCTION  FBOM  LOW-PBESSTJBE  TREATMENT. 

'  proportion  of  condensate  collected  in  the  low-stage  accumu- 
tanks  averages  15  to  30  per  cent  of  the  total  yield  and  varies 
•en  nothing  and  40  per  cent,  depending  on  the  content  of  condens- 
ractions  in  the  gas  and  on  the  temperatiu*e  and  the  pressure  used, 
operators  permit  condensate  to  accumulate  in  the  tanks  until  the 
ing  gas  is  forced  to  pass  through  it,  or  to  accumulate  for  a  given 
and  then  run  it  into  the  storage  tank  through  a  hand  valve. 
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The  general  practice,  however,  based  on  the  theory  that  to  separ&t 
gas  and  condensate  as  soon  as  possible  produces  the  best  results,  ist 
remove  the  condensate  from  the  accumulator  tanks  continuoDil 
with  a  small  automatic  trap  that  dumps  often  and  with  but  littl 
agitation  keeps  the  tank  practically  empty  at  all  times. 

HiaH-PBESSTJRE  TBEATMENT. 

From  the  low-pressure  accumulator  tanks  the  gas  passes  into  ti 
high-pressure  cylinder  of  the  compressor,  and  the  cycle  is  repeats 
except  that  the  higher  pressure  causes  the  lighter  hydrocarbons  t 
condense. 

RADIATING  AREA   OP  HIGH-PRESSURE   COILS. 

Table  3,  which  gives  the  average  surface  areas  of  both  high 
low  pressure  cooling  coils  at  the  plants  visited,  shows  that  a  so 
what  larger  cooling  area  is  used  for  the  high-pressure  gas. 
area  of  high-pressure  coils  per  1,000  cubic  feet  of  gas  cooled  daS 
was  between  0.7  and  0.8  square  feet  and  about  4.5  square  feet  pa 
horsepower  used  in  compression,  whereas  that  of  the  low-pressra 
coils  averaged  between  0.6  and  0.7  square  feet  per  1,000  feet  of  g« 
and  3.5  square  feet  per  horsepower.  If  the  same  amount  of  poirt 
is  used  by  each  cylinder  of  the  compressor,  there  seems  to  be » 
reason  why  one  cooUng  area  should  be  larger  than  the  other,  unle 
the  gas  was  not  cooled  in  the  low-stage  coils  to  the  temperate? 
later  obtained  in  the  high-pressure  coils. 

The  experience  of  A.  W.  Peake,*  engineer  in  charge  of  gaso 
production  of  the  Mid  West  Oil  Co.,  causes  him  to  ''believe  that 
coil  area  of  the  intercooler  should  be  larger  than  the  area  of  t 
aftercooler  coils,  as  it  permits  condensation  of  more  gasoline  in 
intercooler  and  reduces  the  chance  of  carrying  condensate  over  i 
the  high  pressure  cylinders,  causing  trouble  by  cutting  the  lubricati 
oil  and  thus  wearing  out  the  cylinders  in  a  short  time.  This  trou 
has  been  experienced  in  quite  a  few  plants.  Increasing  the  int 
cooler  area  has  been  known  to  help  overcome  this,  as  also  has 
the  placing  of  a  steam  or  oil  trap  or  some  similar  arrangement  in  t 
gas  line,  between  low-pressure  accumulators  and  high-pressu/ 
cylinder  intake.'* 

PEBFECT  COOLINa. 

Perfect  cooling  between  low  and  high  stage  compression  impHfi 
cooling  the  gas  before  it  enters  the  high-pressure  cylinder  to  tb 
same  temperature  that  it  had  on  entering  the  low-stage  unit.    Su 
cooling  is  necessary  if  the  two  stages  are  to  use  the  same  amount 
power  in  compressing  equal  quantities   of  gas  an  equal   numb« 
of  compressions.    As  shown  in  Table  3,  the  temperature  of  the  g* 

a  Peake,  A.  W.,  Personal  oommnnteatton. 
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t  the  low-stage  intake  is  usually  higher  than  at  the  high-stage 
itake.  Such  a  condition  would,  if  the  number  of  compressions 
^ere  equal  in  each  stage,  cause  an  unbalancing  of  power  in  the  high 
nd  the  low  pressure  cylinders.  In  compression  plants  with  imper- 
H^t  cooling  between  stages  the  work  in  the  cylinders  is  allowed  to 
ike  care  of  itself  in  such  a  way  that  the  number  of  compressions 
1  the  two  steles  is  not  exactly  equal.  As  stated  in  previous  para- 
raphs,  it  would  be  better  practice  to  cool  the  gas  at  the  plant  intake 
3  as  low  a  temperature  as  practicable  in  water-cooled  coils  and  to 
se  the  same  temperature  between  compression  stages  and  in  the 
igh-pressure  coils.  In  general,  to  keep  the  gas  at  the  lowest  prac- 
icable  temperature  at  all  times  during  treatment  is  the  best  practice. 
Vom  the  high-pressure  coils  and  accumulators  the  gas  passes  to  the 
leld  fuel  lines  or,  if  expanded  gas  is  used  to  reduce  the  temperature 
till  lower,  it  is  led  to  the  high-pressure  coils  cooled  by  expanded 
;as. 

TJSB  OF  EXPANDED  QA&  FOB  COOLINa. 

Tablb  4. — Data  on  cooling  of  gas  by  expansion  at  various  plants. 


Dis- 
charge 
temper- 
ature of 

gaa 

cooled 

in  hfgh- 

pressure 

coils. 

Method  of  expansion. 

Expansion  unit  discharge. 

Plant 
No. 

First  stage. 

Second  stage. 

Temper- 
ature. 

Pressure. 

Temper- 
ature. 

Pressure. 

•F. 

Exoansion  valve. 

"F. 

Pounds. 
25 
10 
10 
64 
30 
30 
30 
16 
12 
25 
14 

20 

OJJ. 

Pounds. 

PrfiHnR  engine 

42 

-6  to -17 

20to-  7 

KxD^Mision  vftlve 

-40 

(a) 

%^tAsm  AxnATiRinn  Anfirine 

10 

do 

do 

5 

) *■ 

l-fitas:e  exoansion  enjdne 

15 

I " 

10 

do 

-40 

I 

do 

I 

40 
50 

do 

-20 

S 

do 

7 " 

do 

9 

40 

do 

32 

} 

do 

I 

do 

32 

55 

) ' 

Fxpftnsion  vftlve r  r  t ,.-,.-,,.. 

2 

65 
-30 

2-8tafre  e^fpapsion  enRipft  r  -  r r ,  -  - . . 

-30 
-12 

10 

8 

do 

60 

5 

I 

ExDansion  valve 

5....      ' 

.™o..".  !;::::::::::....::..:::.:: 

8....      * 

38 
40 
66 
60 

l-stacre  expansion  engine 

24 
37 
30 

7...    '*' 

do 

10 

8....  "* 

do 

9 ■ 

Expansion  v*^lv«» , 

a  Changed  to  expansion  engine. 


6  Vacuum. 


METHODS   OF   EXPANSION. 


At  many  plants  the  gas  after  treatment  m  high-pressure  water- 
^oled  coils  and  acciunulator  tanks  is  further  cooled,  stiU  at  maxi- 
mum pressure,  in  heat  interchangers  or  double-pipe  condensers  by 
landed  gas.     Two  methods  are  used  to  obtain  low  temperatures 

7338^— 18— BuU.  151 i 
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by  the  expansion  of  gas,  (1)  expanding  the  gas  through 
opening  or  valve  to  a  lower  pressure,  thus  producing  the  ar> 
of  heat;  and  (2)  expanding  the  gas  adiabatically  in  the  jh^^ 
inders  of  a  steam  power  imit,  such  as  a  compressor,  pump,  <r  { 
engine.     Table  4  gives  methods  of  expansion  used  at  plants  i 
also  temperatures  and  pressures  of  the  gas  at  the  different  ^N 
expansion  and  cooUng. 

EXPANSION  THROUGH  AN   ORIFICB   OR  VALVE. 

In  the  first  method  the  high-pressiu*e  gas  carrying  some  £\ 
not  removed  by  previous  treatment  is  passed  through  eit:.i 
inside  or  outside  pipe  of  a  double-pipe  heat  interchanger,  and  tbt 
is  expanded  through  a  small  opening,  such  as  a  }-inch  valve,  l-: 
the  pipes,  thus  cooling  the  high-pressure  gas  and  causing  { 
condensation  of  gasoUne.  The  high  pressiu^  gas  and  ihe  con:i 
are  led  to  an  accumulator  tank,  where  the  condensate  is  coUe<::-l 
removed.  From  the  acctimulator  tank  the  gas  passes  throxi 
expansion  valve  of  the  heat  exchanger  and  the  pressure  is  lav-" 
10  or  15  pounds,  or  the  pressure  desired  or  necessary  to  carrr  *  I 
through  the  field  Unes.  The  refrigerating  effect  obtained  r 
method  is  surprisingly  small,  and  although  many  coils  u<i:j 
principle  for  cooUng  have  been  installed,  few  of  them  lov-' 
temperatiu-e  of  the  high-pressure  gas  enough  to  be  of  material : 
In  certain  standard  installations  one  coil  of  this  type  is  installtti 
each  high-pressure  unit,  the  inside  pipe  of  the  coil  having  a  diau 
of  3  or  4  inches,  and  the  outside  6  or  8  inches.  The  length  is  u-i 
approximately  80  feet,  and  either  the  straight-line  or  retunvJ 
type  is  used.  After  leaving  this  coil  the  gas  is  returned  to  thf 
for  use  on  the  lease,  or  sold  to  commercial  gas  companies. 

COn^  USED  IN  CONJTJNC?riON   WTTH   EXPANSION    KNOIKE'^. 

A  study  of  Table  5  will  give  the  reader  an  idea  of  the  great  v_ 
of  types  and  sizes  of  coils  used  as  heat  exchangers  or  refrigerat 
conjunction  with  expansion  engines  and  valve  expanders, 
principle  is  the  same  in  all  types.  The  cold  expanded  gas  ; 
through  one  of  the  pipe  members  of  a  double  pipe-in terchanger^ 
the  high-pressure  gas  from  the  water-cooled  coils  passes  tlm>iL' 
other  member.  At  the  end  of  the  coil  in  which  the  high-pres>L' 
is  treated,  an  accumulator  tank  or  drip  collects  the  condensed ' 
as  in  the  water-cooled  coils. 

Of  the  plants  hsted  in  Table  5,  No.  6  used  the  smallest  size  <•" 
to  form  the  double-pipe  coil,  2-inch  pipes  inside  of  3-inch.'' 
cooling  effect  in  this  coil  is  rapid,  but  a  small  quantity  of  mobt' 
the  gas  will  tend  to  freeze  the  coil  and  stop  the  flow,  necesM' 

9  The  l^-lnch  in  a-inch  ooU  mentioiied  In  Table  5  as  being  part  of  plant  11  has  bean  abaadcntO »:  * 
m  Urser  doable  ooU. 
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(ntinual  watchfulness  and  more  or  less  thawing  to  do.  This  par- 
jular  coil  is  protected  to  some  extent  from  water  vapor  by  first 
issing  the  gas  through  two  other  double  coils,  4-inch  pipe  in  6-inch, 
hich  are  cooled  by  the  expanded  gas  from  the  small  2-inch  in  3-inch 
il.  In  the  larger  coils  the  gas  is  cooled  only  to  such  a  temperatiu^e 
lat  the  greater  part  of  the  liquid  condensed  is  water.  The  cooling 
ea  varies  between  0.15  square  foot  and  3.70  square  feet  per  1,000 
ibic  feet  of  gas  treated,  and  averages  0.563  square  foot. 

Table  5. — Data  en  douhUrpipe  coils  or  heat  exehangen  used  at  various  plants. 


lant 


Type  of  coU  or  exchanger. 


Tubular 

Stra^htUne 

e turn  bend 
-do 

Special  straight  line. 

,  Straight  line 

'  Specud 

/Straight  line 

,\Retum  bend 

do 

/....do 


Ketumbend 

do 

Horizontal  tubular . 

Vertical  tubnlar 

do 

Return  bend 

do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Num- 
ber 
of 
ooUs. 


2 
1 
2 
2 
120 

14 
5 
2 
3 

06 
0 
2 
2 
2 
2 
4 
2 
1 
6 

20 
4 
1 
3 

12 
4 
4 
1 


Siseofpipe. 


Num- 
ber of 
pipes. 


50 


52 
72 


Inside 

<fiam- 

eter. 


JficftM. 
2 
8 
8 
4 
2 

f 

? 

4 

3 

H 

2 
2 
2 
3 
4 
2 
4 
4 
4 
4 
4 


Outside 
diam- 
eter. 


Jtidket. 
36 
16 
12 

6 

3 

12}  I 
12i| 
24    ' 

6  : 

2 
6 
5 

8 

8 
30 
30 
30 

4 

5 

6 
10 

? 

8 
8 
6 


Length 

Total 

of 
single 

length 

coU. 

coU. 

FeeL 

Fut. 

18 

80 

80 

60 

120 

50 

200 

20 

2,400 

100 

1,400 

100 

500 

40 

80 

100 

300 

20 

1,920 

80 

480 

80 

160 

80 

160 

90 

180 

80 

160 

16 

832 

12 

1,728 

12 

864 

40 

240 

40 

80O 

100 

400 

40 

40 

80 

240 

40 

480 

40 

160 

40 

160 

80 

80 

Radiating  area. 


Total. 


940 
167 
250 
210 
1,257 
4,575 
l,a50 
262 
315 
630 
502 
105 
167 
190 
130 
326 
900 
450 
126 
630 
420 
42 
189 
500 
167 
167 
84 


Per 
1,000 
cubic 

feet 

of  gas 

treated 

daUy. 


} 


8q.ft. 
0.940 
.372 
.200 

.590 

.610 
1.05 
.349 

"".*636 
.714 

.272 

.750 
.173 
.181 
.600 
.450 
.168 
.210 
.233 
.170 
.150 
.250 
.420 
3.70 
.330 


} 


From  the  2-inch  in  3-inch  coil  the  sizes  range  through  nearly  all 
ossible  comhinations  up  to  12i-inch  inside  of  24-inch.  As  the  pipe 
zes  become  larger,  cooling  is  slower.  The  cooling  effect  in  the  last- 
lentioned  coil  is  so  sluggish  that  it  is  doubtful  whether  the  coil 
ui  be  considered  efficient.  The  tubular  type  of  heat  inter- 
langers,  such  as  are  used  in  plants  19,  20,  and  21,  either  horizontal 
r  vertical,  are  built  in  the  form  of  a  tubular  boiler,  the  cold  gas  being 
ther  in  the  main  drum  shell  or  in  the  tubes.  This  type  of  inter- 
langer  has  not  been  as  satisfactory  as  some  of  the  double-pipe  coils. 

It  seems  that  the  length  of  time  and  the  necessary  intimate  contact 
etween  the  gas  and  the  tube  surfaces  is  not  obtained,  and  radiation 
I  incomplete,  the  high-pressure  gas  being  discharged  at  too  high  and 
iie  expanded  gas  at  too  low  a  temperature.  Both  the  high  pressure 
tid  the  expanded  gas  is  thought  to  follow  channels  through  the  drum 
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and  tubes  and  form  eddies  or  dead  spaces,  leaving  some  parts  of  ti 
tubes  and  shell  inactive.  In  this  type  of  interchanger  a  series* 
baffles  in  both  the  tubes  and  shell  might  give  the  desired  result,  s 
has  been  done  in  refinery  practice.  This  type  of  cooler  is  used  ai 
number  of  plants  as  a  water  condenser  and  as  a  unit  in  conjunctia 
with  double-pipe  coils  of  smaller  size. 

The  coil  used  at  plant  7  (see  Table  5  and  fig.  7)  is  of  specie 
straight-line  construction,  consisting  of  five  2i-inch  pipes  inside  of 
12i-inch  casing  100  feet  long.  This  type  of  interchanger  is  do 
imcommon  in  refinery  practice,  being  used  for  the  interchange  of  he 
between  oil  coming  from  and  going  to  stills,  but  in  the  compressios 
plant  industry  its  adaptation  is  unique.  There  are  14  units  of  tii 
type  in  the  entire  battery.  The  high-pressure  gas  from  the  wat« 
cooled  coils  is  divided  by  a  header  and  passes  in  parallel  through  ti 


SK'ineh  pipes,  thrMMlwl  in  headM*. 
and  Joined  at  oMitor  by  onion 


Condenento 
aecamuktor 


FioxrsB  7.— Seotlona  of  special  straight-line  doable  coil. 

2i-inch  pipes  of  four  of  the  units,  at  the  end  of  which  it  is  collecw 
by  a  header,  and  again  divided  in  the  same  way,  passing  in  paralli 
through  the  2i-inch  pipes  of  the  remaining  10  units  of  the  battery  t 
14.  At  the  end  of  each  imit  a  drip  (see  fig.  7)  collects  the  condensa 
formed. 

From  the  discharge  header  at  the  end  of  the  group  of  10  exchange! 
the  gas  goes  directly  to  the  expansion  engine.  The  engine  exhaus^ 
or  low-pressure  cold  gas,  is  returned  to  the  10  interchangers,  passia 
through  them  in  parallel  in  the  12i-inch  shell  or  outside  pipe  counW 
current  to  the  high-pressure  gas.  After  passing  through  the  10  uni' 
the  gas  is  collected  in  one  main  or  header  and  is  again  divided  an 
passes  in  parallel  through  the  outside  casings  of  the  other  four  unit^ 
again  countercurrent  to  the  high-pressure  gas. 

By  using  the  14  interchangers  in  two  sets  or  batteries  the  gasi 
cooled  in  two  stages,  and  by  the  counterflow  system  the  coMH 
expanded  gas  is  brought  into  contact  with  the  coldest  high-pressui' 
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)s,  thus  making  a  gradual  and  complete  interchange  of  heat.  The 
cpanded  gas,  on  leaving  the  battery  of  four  coils,  has  been  raised  to 
pproximately  the  temperature  of  the  high-pressure  gas  from  the 
ater-cooled  coils,  and  the  high-pressure  gas  traversing  the  inside 
ipes  is  brought  to  the  lowest  possible  temperature  by  being  circu- 
ited in  contact  with  the  coldest  expanded  gas  after  it  has  radiated 

considerable  portion  of  its  heat  to  the  partly  warmed,  expanded 
as  in  the  unit  of  four  interchangers.  Of  the  total  plant  production 
0.4  per  cent  is  credited  to  this  system  of  cooling.  These  coUs  are 
ot  protected  by  a  buUding,  but  are  set  well  above  the  groimd  and 
oused  in  wooden  boxes  filled  with  sawdust,  which  covers  the  outer 
ipe  fully  12  inches  on  all  sides. 

Plates  VIII,  A  J  and  IX  show  views  of  the  coils  and  expansion  sets 
aken  at  a  plant  which  the  writer  was  fortunate  enough  to  visit 
bortiiy  after  the  installation  of  the  expansion  engine  and  before  the 
ork  insulation  of  the  pipes  had  been  completed. 

INCREASE   IN  PRODUCTION  DUE  TO  COOLING  BY  EXPANSION. 

In  Table  6  are  recorded  the  percentages  of  total  production  and  the 
cavities,  in  *^B.,of  the  fractions  of  condensate  collected  at  the  different 
tages  in  accumulator  tanks  in  plants  using  expansion  engines  and 
keeping  records  of  such  data.  The  table  shows  that  the  percentage 
»f  condensate  credited  to  expansion  units  varies  between  10  and  5(> 
>er  cent,  except  at  plant  76,  at  which  aU  of  the  condensate  is  collected 
Q  the  accumulator  tank  after  the  cooling  by  expanded  gas  is  com- 
pleted. This  case  was  cited  before,  and  is  undoubtedly  due  to  the 
act  that  the  gas  is  forced  to  travel  upward  through  the  water-cooled 
soils,  whereas  the  natural  flow  of  any  condensate  formed  would  be 
lownward.  Apparently  the  condensate  is  absorbed  by  the  gas  and 
)recipitated  later  in  the  double-pipe  interchangers  cooled  by  expanded 
;as. 

Pable  6. — Percentages  and  gravities  of  condensate  collected  in  varUms  accumulator  tanks 

in  plants  using  expansion  engine. 


Condensate  produced  flrom — 

Plant  No. 

Low-pressure  coil. 

High-pressure  coil. 

Expansion  ooU. 

Percent. 

Gravity, 

Per  cent. 

Gravity, 
•B. 

Per  cent. 

Gravity, 
•B. 

33 

15 

17.6 

34.6 

26 

60 

60 

32.7 

65 

42 

79 

7 

25 

0  49.7 

10.4 

22 

95 

63.8 

60 

60 

67 

67 

78 
65 
80 
84 
71 

96 

90 

80 

50 

20 
1(^15 

26 
a  100 

80 
Qfi 

2.... 

3 

5 \ 

40 

70 

35 

80 

100 
76-82 

— 

a  No  condensate  in  water-cooled  coils. 
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FIELDS   IN   WHICH  EXPANSION  UNITS   ABE    USED. 

In  the  eastern  fields,  where  much  of  the  gas  treated  con" . 
or  no  fixed  or  true  gases,  beuig  ahnost  entirely  composed  •  * 
of  the  hijgher  hydrocarbons,  the  use  of  extremely  low  temp*-, 
of  little  or  no  benefit,  and  expansion  engines  and  coils  hav 
any  plant  known  to  the  writer,  been  installed. 

Mid-Continent  practice,  taken  as  a  whole,  does  not  inclutJ- 
sion  engines  as  a  part  of  the  usual  installation;    expansion  - 
however,  being  adopted  by  some  operators  building  new  : 
the  present  time  as  a  part  of  the  original  plant  design.     Tt. 
(Nos.  32  and  33)  visited  by  the  writer  in  Oklahoma  had  t  \ 
engines  and  coils  in  service,  both  being  in  the  Glenn  p 
operators  of  these  plants  stated  that  of  the  total  production  . 
per  cent  was  directly  due  to  cooling  by  gas  expanded  i:. 
cylinders,  as  shown  in  Table  6.    The  cooling  area  of  the  d^-. 
heat  interchangers  used  in  the  two  plants  averages  0.22  s^  . 
per  1,000  cubic  feet  of  gas  treated,  which  is  less  than  om-. 
average  area  used  in  California  practice. 

In  the  Caddo,  Louisiana,  field  one  company  operating  thr 
pression  plants  uses  expansion  units  and  coils  in  each  plant. 

EXPANSION   ENGINES  IN  CALIFORNIA   FIEUOS. 

The  widest  range  of  development  in  the  installation  of  h<  ^ 
changers  and  the  use  of  expansion  engines  is  in  Calif  oroia  ; ' 
At  plants  3,  4,  6,  7,  9,  11,  and  17  in  the  various  California  fit  L- 
60  per  cent  of  the  total  production  is  from  expansion  units,  a- 
in  Table  6.    It  is  generally  figured  in  these  fields  that  25  p*"r 
the  production  is  due  to  the  expansion  treatment.     A  plan' 
Fullerton  field  treating  2,600,000  cubic  feet  of  gas  daily  \: 
3,000  to  3,200  gallons  of  condensate  with  a  gravity  of  72"^  E. 
the  expansion  unit  was  put  into  operation.     The  expans: 
increased  the  daily  production  to  between  4,000  ahd  4,30'' . 
of  condensate  with  a  gravity  of  80°  to  84°  B.,  or  about  25  ptr 
the  total  yield.    The  radiating  areas  in  the  heat  exch&ngeiv 
California  plants  (see  Table  6,  plants  1  to  21)  vary  from  0.2i 
square  feet  per  1,000  cubic  feet  of  gas  treated  daily.     A  ti 
area  large  enough  to  warm  the  cold  or  expanded  gas  to  the  t« 
tiu-e,  as  nearly  as  practicable,  of  the  high-pressure  gas  fr 
water-cooled   coils  is   all   that  is  necessary,  because   any 
increase  in  cooling  surface,  the  two  gases  being  brought  tt»  i. 
mately  the  same  temperature,  has  no  effect.    The  proper  u' 
each  1,000  cubic  feet  of  gas  to  be  treated  daily  is  a  factor  t. 
be  obtained  only  by  experiment  at  each  plant,  unless  the  v 
has  had  exi>erience  in  the  particular  field  and  with  the  partir :. 
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0  be  treated,  or  has  data  on  the  area  used  and  the  efficiency  obtained 
,t  another  plant  already  at  work  in  the  same  field  and  treating  the 
amegas. 

TEMPERATURES   OBTAINED   FROM   GAS   EXPANSION. 

The  temperatures  produced  by  heat  exchange  on  high-pressure  gas 
ary  in  practice  from  —  1 7°  to  +  65°  F.,  or  between  75°  below  and  20°  F. 
elow  atmospheric  temperature,  as  shown  in  Table  4  (p.  41) .  The  best 
emperature  to  use  in  a  given  plant  depends,  as  does  the  ultimate  high 
ressiffe  used,  on  the  characteristics  of  the  gas  and  the  product  desired, 
Isoon  the  efficiency  of  extraction  and  temperature  previously  obtained 

1  the  water-cooled  coils.  As  the  condensation  of  vapors  depends  on 
>oth  temperature  and  pressure,  in  accordance  with  the  physical  laws 
f  gases,  at  a  given  pressure  there  is  some  critical  temperature  below 
rhich  it  is  useless  to  cool  the  gas,  as  Burrell  **  has  demonstrated  in 
he  laboratory  method  of  determining  ^the  quantity  of  condensable 
apors  in  any  given  gas.  The  method  of  laboratory  test  uses  only 
tmospheric  (14.4  pounds  at  an  elevation  of  600  feet)  pressure,  and 
he  extremely  low  temperature  of  115°  C.  below  zero,  which  is  equal 
0  175°  F.  below  zero. 

At  this  temperature  aU  of  the  propane  and  the  butane  are  liquefied, 
^hich  in  compression  practice  is  neither  practicable  nor  desirable, 
)ecause  these  two  hydrocarbons  are  so  volatile  at  atmospheric 
emperatures  and  pressures  as  cause  them  to  weather  out  of  plant 
)roducts  to  a  large  extent,  if  not  entirely.  As  a  portion  of  each 
ondensable  hydrocarbon  is  precipitated  and  taken  out  of  the  gas, 
he  pressure  necessary  to  condense  the  remaining  portion  at  a  con- 
tant  temi>erature  rises,  in  accordance  with  the  law  of  partial  pres- 
ures.  Or,  with  the  pressure  remainiug  constant,  the  temperature 
nust  be  reduced  to  precipitate  the  remaining  portion  of  that  par- 
icular  vapor  fraction.  Conversely,  if  at  a  given  pressure  any  conden- 
able  constituent  would  be  entirely  precipitated  when  the  gas  reached 
he  critical  temperature  of  that  fraction,  the  composition  of  the  gas 
^ould  be  simplified  and  the  precipitation  of  the  other  condensable 
Tactions  more  complete  at  the  same  pressure.  This  has  been 
lemonstrated  in  practice  in  a  plant  using  a  maximum  pressure  of 
550  pounds,  and  a  temperature  as  low  as  10°  F.  below  zero  at  the  dis- 
harge  of  the  high-pressure  coil,  which  was  cooled  by  expanded  gas. 
See  PL  IX,  A,)  The  condensate  collected  in  the  tank  at  the  end  of  the 
'oil  contained  more  than  1  per  cent  of  water;  a  small  percentage  of 
^ater  was  also  found  with  the  lightest  condensate  precipitated  at  the 
>xhaust  of  the  second  stage  of  the  expansion  engine.  (See  PI.  VIII,  B.) 
f  Water  vapor  is  retained  through  all  of  the  steps  of  compression  and 

<>  Borrall,  Q.  A.,  and  Jonfle,  O.  W.,  Methods  of  testing  natural  gas  for  gAsoUne  content:  Teoh.  Paper,  87, 
bureau  of  l^ines,  1916,  p.  26. 
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cooling,  as  demonstrated  in  the  plant  just  cited,  it  is  probable  thai 
portions  of  all  the  hydrocarbon  fractions  are  also.  The  j>oints  to  ks 
determined  in  any  plant  are  the  quantity  of  such  vapors  being  1« 
and  the  temperature  necessary  to  condense  them  as  well  as  the  value 
of  the  product  and  the  cost  of  an  installation  to  obtain  the  required 
results. 

The  value  of  the  condensate  obtained  will  depend  on  the  quantiti 
that  can  be  marketed,  and  if  ^excessive  pressures  are  used,  the  produd 
may  be  so  hght  and  volatile  as  to  be  of  httle  value.  A  proper  i^ 
lation  between  pressure  and  temperature  will  in  all  instances  yi^ 
the  maximum  marketable  condensate  from  any  given  gas,  and  thi 
relation  can  be  foimd  only  by  trials  and  tests  made  at  each  plant 
In  the  plant  cited  above,  the  product  obtained  in  the  accumulator  i 
the  expansion  engine  exhaust  had  a  gravity  of  105*^  B.,  and  probahh 
consisted  principally  of  butane,  with  small  proportions  of  the  othd 
higher  hydrocarbons  and  of  water.  The  gas  in  this  accumulator  hii 
a  temperature  of  40°  F.  below  zero  and  a  pressure  of  10  pounds,  • 
the  result  of  the  two  stages  of  expansion.  It  was  found  that  in  tb 
expansion  cyUnder  of  the  engine,  the  gas  had  reached  a  temperatun 
lower  than  100*^  F.  below  zero  before  being  exhausted.  The  quid 
rise  in  the  temperature  of  the  gas  between  the  cylinder  and  tfe 
tank,  which  was  connected  to  the  exhaust  by  a  short  insulated  pip^^ 
is  probably  due  to  two  factors,  radiation  from  the  cylinder  walls 
the  latent  heat  of  vapors  given  out  on  condensation. 

In  a  plant  in  Oklahoma,  in  experimenting  with  expansion  uni^ 
it  was  f oimd  that  the  desired  low  temperatures  could  not  be  obtainei 
So  Httle  vapor  was  precipitated  in  the  coils  ahead  of  the  expansion  unii 
that  in  expanding  the  gas  the  latent  heat  given  up  by  the  condensing 
vapors  immediately  reheated  the  expanding  gas  to  20®  F.  TTw 
remedy  for  a  condition  of  this  kind  would  necessarily  have  to  be  found 
either  in  the  pressure  or  water  cooling  to  which  the  gas  was  beioi 
subjected. 

TEMPERATUBE    AND    PRESSURE    CHANGES    IN   A    COMPRESSION   PLANT. 

Figure  8  shows  diagramatically  the  changes  in  both  pressure  and 
temperature  to  which  gas  is  subjected  in  average  compression-plaii* 
practice.  The  vertical  coordinates  show  temperatures  in  degree 
Fahrenheit  for  the  soUd  line  or  temperature  curve,  and  pressures  in 
poimds  per  square  inch  for  the  dotted  or  pressure  curve.  The  hori- 
zontal coordinates  represent  the  different  stages  of  treatment  at  whi<i 
the  changes  of  pressure  and  temperature  occiu*. 

FLOW  SHEET  OF  A  COMPBESSIONr  PLAKT. 

Figure  9  shows  the  gas  flow  diagram  of  a  2-stage  compression  pl^^t 
using  single-stage  expansion,  connected  with  two  sets  of  expanded- 
gas  cooled  coils  in  series.    The  gas  intakes  and  discharges  of  tiie  oodD' 
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pressors  and  the  water-cooled  coils  are  shown  connected  in  manifold, 
this  system  of  connections  being  the  most  flexible.  With  valves 
properly  placed,  any  unit,  part  of  a  unit,  or  coil  may  be  cut  out  for 
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Ba{«mpt9y[ 


inspection  or  repairs  without  shutting  down  any  other  part  or  stop- 
ping plant  operations,  the  work  of  the  inactive  unit  being  taken  up 
by  a  small  overload  on  the  other  units. 
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A  singlenstage  e:^ansion  engine  is  shown  connected  with  two 
louble-pipe  coils  in  series;  if  two  stages  of  expansion  were  being 
ised  each.  6f  the  double-pipe  coils  would  use  the  gas  expanded  in  one 
it  age  and  be  so  connected  that  the  gas  from  coil  No.  1,  using  first- 
itage  expanded  gas,  would  return  to  the  second-stage  expansion 
cylinder,  from  which  it  would  be  returned  to  coil  No.  2  to  further 
50oI  the  high-pressure  gas. 

Plates  X  and  XI  show  plans  and  elevations  of  a  typical  direct- 
Xfnnected  compressor  plant.  The  low-pressure  and  the  high-pres- 
3ure  cylinders  are  operated  independently  by  separate  gas  engines. 

TTSB  OF  POWER  DEVELOPED  BY  GAS  EXPANSION. 

At  all  plants  where  expansion  units  are  used,  the  development  of 
power  by  the  expansion  of  the  gas  has  been  a  secondary  consideration. 
In  a  number  of  plants  power  is  developed  only  to  give  resistance  to 
the  expanding  gas,  as  in  a  plant  using  a  pump  under  a  back  pressure 
of  150  poimds,  and  in  another  plant  compressing  air  to  40-poimd 
pressure,  only  to  release  it  to  the  atmosphere  through  a  small  valve 
set  to  hold  the  required  back  pressure  on  the  natural  gas. 

In  plant  17  the  compressor  end  of  the  expansion  unit  holds  a 
vacuiun  on  the  double-pipe  coil  and  on  the  exhaust  of  the  power 
cylinder,  and  delivers  the  gas  at  a  pressure  sufficient  to  return  it  to 
the  lease.     (See  PL  XII,  A,)     This  use  of  the  power  developed  is  not 
unconunon,  although  usually  the  compressor  suction  is  above  atmos- 
pheric pressure.     At  plant  76  the  power  developed  from  expanding 
the  gas  in  two  single-stage  cylinders  working  in  duplex  id  used  to 
compress  air  in  two  stages  to  a  pressure  of  85  pounds,  to  be  used  in 
air  lifts  in  pimiping  oil  weljs.     Other  plants  use  the  power  generated 
by  single-stage  expansion  imits,  as  in  the  tandem  compressor,  or  by 
two-stage  expansion  units,  as  in  the  cross-compound  machines,  to 
drive  one  of  the  two-stage  compressor  units  connected  in  parallel 
with  the  other  compression  cyhnders,  both  at  the  intake  and  the 
discharge.    A  compressor  used  in  this  way  may,  as  at  plants  6  and 
14,  take  gas  from  and  dehver  it  to  the  manifolds  used  for  the  intake 
and  discharge  of  the  other  compression  units. 

EFFICIENCY   OF  EXPANSION   UNITS. 

The  amount  of  power  developed  in  an  expansion  engine  as 
compared  with  the  amoimt  used  in  compression  ia  very  low, 
probably  not  more  than  5  or  10  per  cent  in  average  plants.  Tins 
condition  is  to  be  expected  because  of  the  energy  loss  through 
dissipation  of  heat,  the  consumption  of  power  in  operating  the 
piston  and  valve  in  the  expansion  cyUnder,  and  the  reduction  in 
pressure  through  losses  of  gas  and  vapor  by  condensation  and 
leakage  during  transmission   through  pipes  and  cooling  systems. 
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An  exceptional  instance  of  power  developed  i;^  an  expan^. 
was  noted  at  a  California  plant.  Tests  showed  that  betweei. 
35  per  cent  of  the  power  used  to  compress  the  gas  was  de^tl 
the  expansion  engine,  which  used  in  its  power  cylinders  zil 
gas  compressed  in  two  stages  of  expansion,  with  heating  ' 
the  two  expansion  cylinders.  The  plant  compressed  1,900  c . 
of  gas  per  minute,  of  which  690  cubic  feet  was  compress^o 
compressor  end  of  the  expansion  engine. 

The  gas  entering  the  high-pressure  cylinder  of  the  e\i 
engine  at  a  pressure  of  250  poimds  had  a  temperature  of  5°  F 
zero;  the  discharge  pressure  was  50  poimds.  The  gas  v 
passed  through  double-pipe  coils  and  heated  to  50**  F.  1- 
entered  the  low-pressure  power  cylinder.  From  this  cylindt- 
eSdiausted  at  a  pressure  of  10  pounds  and  a  temperature  of 
below  zero.  The  gas  from  the  second  expansion  exhaust  ^: 
for  cooling  the  high-pressiu*e  gas,  and  was  then  dischai]ged  f: 
plant  at  57^  F.  A  measurement  of  the  temperature  in  tl 
pressure  expansion  cylinder  indicated  a  temperature  of  ^ 
below  zero. 

If  a  more  efficient  retiun  of  power  were  made  an  objei*. 
power  could  be  developed  by  heating  the  high-pressuie  ga^^.  i 
leaves  the  double-pipe  interchanger,  in  an  interchanger  i^^.l 
hot  gas  from  the  high  and  the  low  pressure  compresaion  nl 
If  desirable  the  gas  could  be  further  heated  in  a  double-pif" 
changer  by  the  exhaust  from  the  power  cyUnder  of  the  gas  e/J 
in  a  tubidar  interchanger  such  as  is  used  for  preheating  boilfr 
with  exhaust  gases. 

Heating  the  compressed  gas  before  it  enters  the  valve  chest 
expansion  cyUnder  would  also  tend  to  reduce  freezing  at  thflC 
thus  reducing  the  power  used  in  moving  the  valve  mechanism 

To  obtain  as  low  temperatures  of  the  expanded  gas,  with  pn 
ing  as  without  preheating,  more  power  would  have  to  be  dev^ 
and  used  by  the  expansion  imit.  This  could  be  accomplish 
added  expansion  units,  by  increasing  the  load,  or  by  runniil 
compressor  faster  at  the  same  pressure,  thus  increasing  tbe' 
volxmie  of  gas  compressed  in  a  given  unit  of  time. 

EXPANSION   FOB   POWER  ALONE. 

In  expanding  compressed  gas  for  power  purposes  only, 
for  refrigeration,  as  is  contemplated  in  an  eastern  plant,  pn>l 
the  gases  by  either  the  hot  compressed  gas  or  the  engine 
would  be  necessary  in  order  to  make  the  installation  a  coi 
success.    Using  a  relatively  small  quantity  of  gas  at  a  low  td 
ture  (60^  F.)  would  hardly  pay  in  power  delivered,  as  compai 
a  gas  engine  using  gas  worth  16  cents  or  less  per  1,000  cubic  li 
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USES  MADE  OF  TBEATED  GAS. 

With  the  passage  of  the  gas  through  the  coils  of  the  expansion 
unit,  the  treatment  for  recovery  of  gasoline  is  finished. 

Gas  used  for  power  to  rim  the  compression  plant,  either  in  gas 
engines  or  imder  boilers,  is  universally  taken  from  the  treated  gas, 
the  rest  being  returned  to  the  lease  or  pumped  into  the  lines  of 
a  commercial  gas  company.  The  lease  or  contract  usually  stipu- 
lates that  gas  used  for  power  in  the  compression  plant  is  to  be  taken 
from  the  treated  gas  at  no  cost  to  the  lessee. 

GAS    USED   PER   HORSEPOWER   IN    COMPRESSION   UNITS. 

The  quantity  of  gas  necessary  to  operate  a  gaa  engine  will  vary 
from  9  to  18  cubic  feet  per  horsepower-hour,  depending  on  the  size, 
type,  and  age  of  the  engine  and  the  care  given  it.  Boilers  in  a  steam 
plant  require  40  to  120  feet  per  horsepower  hour.  A  plant  having 
six  80-horsepower,  direct-connected,  horizontal,  2-cycle  gas  engines 
used  between  12  and  14  feet.  The  engines  had  been  in  service  two 
years  and  had  been  well  cared  for.  The  large  450  to  1,100  horse- 
power, horizontal,  direct-connected,  tandem,  double-acting,  4-cycle 
units  will  use  as  little  as  9  feet  and  the  150  to  200  horsepower, 
vertical,  4-cylinder,  4-cycle,  belted  units  will  use  10  to  14  feet  per 
horsepower  hour. 

Oliphant  ®  gives  the  following  table  showing  the  average  amount 
of  natural  gas  required  to  operate  gas  engines  or  to  supply  a  steam- 
engine  plant  using  natural  gas  as  fuel  under  the  boilers  in  cubic  feet 
per  indicated  horsepower  hour: 

Cubic  feet  of  natural  gas  required  per  horsepower-hour  to  drive  a  gas  engine  or  steam  plant, 

Cu.  ft. 

Large  gas  engine,  highest  type 9 

Ordinary  gas  engine 13 

Triple-expansion  condensing  steam  engine 16 

Double-expansion  condensing  steam  engine 20 

Single-cylinder  steam  engine  with  cut-off 40 

Ordinary  high-pressure  steam  engine  without  cut-off 80 

Ordinary  oil-well  pumping  steam  engine 130 

From  10  to  12  cubic  feet  of  air  is  necessary  for  the  complete  combustion  of  1  cubic 
foot  of  natural  gas. 

PERCENTAGE   OF   GAS   RETUBNED   AFTER   CONDENSATE  AND   GAS   USED 

FOR   POWER   IS   DEDUCTED. 

The  reduction  in  the  volume  of  the  gas  from  treatment  by  the 
compression  process  is  unaccountably  large.  As  has  been  stated,  in 
treating  gas  from  old  wells  that  have  been  gas-pumped  for  years 
and  are  held  at  high  vacuums,  practically  all  of  the  gas  disappears 
in  one  stage  or  another  of  the  treatment,  often  not  enough  being 
left  to  run  the  engines. 

a  Oliphant,  F.  H.,  Catalogue  of  metric  metal  works,  1914,  p.  42. 
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Gas  produced  under  natural  pressure  in  the  newer  fields  contained  a 
much  higher  percentage  of  fixed  gases,  hence  the  quantity  of  residual 
gas,  after  condensate  and  gas  used  for  power  have  been  deducted, 
reaches  70,  or,  in  some  plants,  it  is  claimed,  80  per  cent  of  the  total 
wet  gas  entering  the  plant.  Exact  figures  on  the  quantities  of 
residual  gas  are  seldom  kept  in  compression  plants,  it  being  a  matter 
of  little  importance  in  most  fields.  It  appears,  however,  from  the 
figures  that  the  writer  was  able  to  obtain  that  in  plants  treating  gas 
yielding  IJ  to  2  gallons  of  condensate  per  1,000  cubic  feet  the  net 
amount  of  gas  left  after  treatment  and  deducting  gas  used  as  fuel, 
would  average  approximately  66  per  cent  of  the  total  amount  enter- 
ing the  plant.  As  the  gas  being  treated  increased  in  gasoline  content 
the  quantity  of  residual  gas  became  less  and  less  until  it  was  not 
suflBcient  to  furnish  power  for  compression. 

GAS  USED   FOE  POWEB  AND  TO   FORM  €X>NDEKSAT£. 

Between  10  and  15  per  cent  of  the  total  quantity  of  gas  treated 
is  required  for  power  purposes,  depending  on  the  type  and  the 
efficiency  of  the  engines  driving  the  compressors.  Bmrell**  states 
that  it  takes,  on  an  average,  35  cubic  feet  of  vapor  to  produce  1 
gallon  of  condensate,  or  3.5  per  cent  for  each  gallon  produced  from 
1,000  cubic  feet  of  gas,  or  if  3  gallons  of  imweathered  product  is 
made  it  will  account  for  10.5  per  cent  of  the  total  gas  entering  the 
plant.  The  condensation  of  water  vapor  during  the  treatment  will 
also  account  for  a  certain  percentage  of  the  total  voliune.  The  gas 
and  vapor  unaccounted  for  in  the  ways  noted  must  be  lost  by  leakage 
in  pipes  and  machines  during  the  various  stages  of  plant  operation, 
and  by  weathering  of  light  fractions. 

FOBEIGH  COirSTITTrEirTS  IN  HATXmAL  GAS. 


Besides  water  vapor,  a  number  of  gases  not  of  the  hydrocarlxHi 
groups  are  often  found  in  natural  gas.  Air,  if  present,  may  be  a 
constituent  of  gas  from  wells  imder  high  vacuums,  but  is  usuaDy 
due  to  inward  leakage,  either  in  the  well  casing  or  in  lines  trans- 
mitting the  gas  to  the  plant.  At  a  plant  visited  in  the  Shallow  pool 
of  Oklahoma,  the  writer  was  informed  that  the  gas  being  treated 
contained  30  per  cent  air.  The  area  from  which  the  gas  was  being 
drawn  covered  12  square  miles,  making  the  use  of  long  gathering 
lines  and  many  vacuum  piunps  necessary,  which  probably  accounts 
for  the  extremely  high  air  content. 

a  Burrell,  G.  A.,  Seibert,  F.  M.,  and  OberfeU,  G.  G.,  Tho  condensation  of  gasolinefrom  natural  gtf 
BuU.  88,  Bureau  of  Mines,  1015,  p.  60. 
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WATER  VAPOR. 

Air  always  carries  more  or  less  water  vapor  with  it,  and  this  fact 
may  account  for  part  of  the  water  precipitated  with  condensate. 
As  most  oils  carry  some  water  with  them  from  the  oil-bearing  forma- 
tions, it  is  natural  to  believe  that  some  water  vapor  from  this  source 
would  be  carried  into  the  gas,  especially  when  the  wells  are  being 
gas-pumped  and  low  pressures  maintained.  The  temperature  of  the 
oil  and  water  under  groimd  would  also  tend  to  allow  water  vapor  to 
form  and  be  held  in  the  gas.  In  one  instance,  the  oil  coming  from 
a  certain  well  also  producing  gas  had  a  temperature  of  150°  F.  in 
the  flow  lines. 

A  California  plant  treating  2,500,000  cubic  feet  of  gas  daily  pro- 
duced water  with  the  condensate  at  various  points  as  foUows: 

Gallona  of  water  drained  from  varUma  points  at  California  plant  in  24  hours. 

Gallons. 

From  low-pressure  accumulator 200 

From  high-pressure  accumulator 50 

From  final  double-pipe  coil 25 

From  storage  tank 65 

Total 340 

This  quantity  of  water  was  equal  to  between  5  and  6  per  cent  of 
the  condensate  produced. 

CABBOK  DIOXIDE. 

The  proportion  of  carbon  dioxide  in  natural  gas  used  in  compres- 
sion plants  varies  widely.  As  much  as  30  per  cent  has  been  found 
in  both  the  Mid-Continent  and  Cahfomia  fields.  So  large  a  proportion 
is  unusual,  but  percentages  up  to  10  are  not  imcommon  in  California 
fields,  and  in  some  districts  in  Oklahoma. 

Nitrogen  is  found  in  the  natural  gas  in  some  districts,  as  noted  by 
Burrell,^  but  was  not  foimd  in  gas  fields  visited  and  sampled  by  the 
writer,  except  as  introduced  into  the  gas  with  air. 

SULFHXJB  COMPOUNDS. 

Hydrogen  sulphide  or  other  gaseous  sulphur  compounds,  usually 
called  ''sulphur  gas,''  is  foimd  in  many  of  the  fields  producing  casing- 
head  gas.  However,  only  the  gas  from  small  areas  of  these  fields 
contains  sulphur  in  such  quantities  as  to  be  a  decidedly  detrimental 
factor  in  treatment  of  gas  for  its  gasoline  content. 

Plants  in  the  southern  Illinois  field  are  troubled  by  sulphur  com- 
pounds more  generally  than  those  in  any  other  district  as  a  whole. 
A  plant  in  the  Santa  Maria  and  one  in  the  Salt  Lake  field  in  California 
report  sidphur  trouble,  but  such  contamination  is  local  and  is  not 
characteristic  of  those  fields  as  a  whole. 

o  Burren,  Q.  A.,  Seibert,  F.  M.,  and  Oberfell,  O.  O.,  The  cond«mi»tton  of  gaaoline  from  natural  gas: 
Boa  88,  Bureau  of  Mines,  1915,  pp.  21-2S. 
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OENEBAL  EFFECTS  ON  COMPBBSSIOK  TBEATMENT. 

The  gases  named,  with  the  exception  of  hydrogen  sulphide,  are 
inert  chemically  through  all  the  stages  of  the  compression  prooees. 
Physically  they  affect  plant  practice  in  two  ways.  They  cut  down 
the  vojiiune  of  productive  gas  treated  or  absorb  power  for  which  no 
return  is  possible;  they  complicate  the  problem  of  partial  pressures 
by  requiring  higher  pressures  for  the  gas  as  a  whole  in  order  to  bring 
any  one  of  the  condensable  fractions  to  its  critical  pressure,  thus 
again  necessitating  more  power. 

EFFECTS  OF  SULPHUR  AND  METHODS  OF  REMOVAL. 

In  the  Lawrenceville  district  of  southern  Illinois  the  proportion  of 
sulphur  in  the  natural  gas  is  so  large  as  to  be  a  decided  detriment  U) 
treatment  by  compression.  Beside  destroying  the  pipes  in  cooling 
coils,  so  much  of  the  hydrogen  sulphide  is  dissolved  in  the  conden- 
sate, either  as  a  gas  or  as  a  liquid,  that  resort  is  had  to  steam  distilling 
in  order  to  free  the  condensate  from  this  objectionable  content 
The  odor  of  even  small  proportions  is  noticeable,  making  the  product 
unsalable,  and  such  gasoline,  if  used  in  motors,  will  attack  the 
pistons  and  cylinders,  causing  pitting  and  roughness.  By  use  of 
the  steam  stills  in  that  district  between  one-third  and  one-half  of 
the  total  plant  product  is  lost  as  noncondensable  vapor  passing 
through  the  cooling  coils  after  the  stills. 

The  two  California  plants,  mentioned  previously,  report  no  trouble 
with  sulphur  in  the  condensate,  but  do  have  trouble  from  the  sulphur 
gas  attacking  and  eating  out  cooling  coils.  At  the  plant  in  the  Salt 
Lake  field  2-inch  steel  pipes  will  often  be  eaten  through,  particularly 
at  a  low  point  in  the  coil,  in  3  or  4  months.  The  plant  in  the  Santa 
Maria  field  found  that  2-inch  steel  pipe,  costing  12  cents  per  foot 
(May,  1916),  in  the  cooling  towers  lasted  6  months,  and  that  wrought- 
iron  pipes,  costing  19  cents  per  foot  at  that  time,  lasted  13  months 
or  more. 

No  compressor  or  engine  trouble  traceable  to  hydrogen  sulphide 
gas  was  reported  at  any  of  the  above  plants,  possibly  because  of  the 
film  of  lubricating  oil  constantly  protecting  the  pistons  and  cylinders. 

The  elimination  of  sulphur  gas  has  long  been  a  part  of  the  treat- 
ment for  pmifying  manufactured  or  artificial  gas.  The  artificial  gas 
made  from  coal  or  oil  is  passed  through  a  scrubber  containing  iron 
oxide  (common  hematite  iron  ore).  A  chemical  reaction  takes  place, 
the  sulphur  imiting  with  the  iron  to  form  iron  sulphide,  which  is « 
solid  at  normal  temperatures,  thus  removing  the  sulphur  from  the 
gas.  When  the  iron  becomes  slow  in  its  action,  or  so  largely  con- 
verted to  the  sulphide  as  to  be  inefficient  in  removing  the  sulphur, 
it  is  discharged  and  a  fresh  charge  placed  in  the  scrubber.  The 
scrubbers  are  generally  operated  in  pairs  to  allow  one  to  be  cut  o\A 
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during  periods  of  cleaning  and  charging.  The  discharged  iron  ore 
IS  thrown  out  on  the  ground,  where  it  is  oxidized  by  the  action  of 
the  sun  and  the  atmosphere,  and  again  used  as  a  fresh  charge  for 
the  scrubbers. 

The  sulphur  compounds  originating  in  gas  act  chemically  as  an 
acid  in  much  the  same  way  as  the  acid  fmnes  that  are  carried  in  still 
vapors  m  oil  refining. 

An  eastern  refinery  which  compresses  the  uncondensed  stUl  vapors 
and  gases  to  further  remove  condensable  fractions  uses  a  series  of 
water  and  caustic  washes  in  scrubbing  tanks  to  remove  acid  impuri- 
ties, as  described  on  page  68.  ' 

To  overcome  the  action  of  stdphur  gas  which  was  eating  out  the 
high-pressure  coUs  of  a  compression  plant,  Mr.  D.  L.  Newton,  general 
superintendent  of  the  Hurley  Smith  Gasoline  Co.,  of  Los  Angeles, 
CaJ.,  designed  and  successfully  operated  a  scrubber  and  cooler  com- 
bined which  removed  the  objectionable  gases  and  also  took  the 
place  of  the  high-pressure  water-cooled  coils.        i 

Figure  10  shows  the  general  design  and  method  of  operation  of  the 
scrubber.  After  this  treatment  the  gas  was  refrigerated  iq  double- 
pipe  coils  of  usual  construction  without  causing  their  destruction  or 
forming  incrustations  of  sulphur  compounds. 

The  following  data,  regarding  the  operation  of  the  scrubber,  was 
also  kindly  furnished  by  Mr.  Newton : 

Data  on  scrubber  for  removing  sulphur. 

C5apacity,  300,000  cubic  feet  per  day  at  a  preeeure  of  250  pounds. 
Temperature  of  gas  entering  scrubber,  190®  F. 
Temperature  of  gas  leaving  scrubber,  78®  F. 
Temperature  of  water  entering  scrubber,  72®  F. 
Temperature  of  water  leaving  scrubber,  78®  F. 
Volume  of  water  used  per  24  hours,  15,000  gallons. 

The  water  used  in  the  scrubber,  after  being  automatically  trapped 

from  the  separator,  was  retimied  to  the  top  of  the  cooling  tower 

for  cooling  in  the  usual  way.    Owing  to  aeration  and  the  lowered 

pressure,  the  greater  part  of  the  sulphur  gas  passed  off  into  the  air, 

the  cooled  water  being  returned  to  the  scrubber  by  a  pump  at  a 

pressure  slightly  higher  than  that  at  which  the  gas  entered  the 

scrubber. 

COHDEirSATE. 

LINE  DBIP. 

The  first  condensate  produced  in  treating  gas  by  compression  is 
the  small  quantity  of  rather  heavy  and  often  discolored  naphtha 
accumulating  in  the  pipe-line  drips.  After  this  condensate  has 
been  collected  and  cleaned  by  filtering  or  distilling  it  is  mixed  with 
the  balance  of  the  plant  product,  giving  the  mixture  a  lower  gravity 
and  vapor  tension  and  helping  to  stabilize  the  '^wild"  condensate 
from  other  parts  of  the  plant. 

7338*»— 18— Bull.  151 5 
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CONDENSATE. 


CONDENSATE  FROM  IX)W-PBESSTIELE  COILS. 
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The  second  condensate  is  that  collected  in  the  low-pressure  accu- 
mulator tanks;  its  proportion  to  the  whole  product  varies  between 
nothing  and  50  per  cent,  and  in  average  plant  practice  between  10 
and  30  per  cent.  The  gravity  varies  around  60°  B.  and  the  vapor 
tension  between  1  and  3  pounds.  Such  condensate  makes  an  ideal 
motor  fuel  just  as  it  comes  from  the  coils,  but  is  usually  mixed 
before  leaving  the  plant  with  the  other  products  either  in  "make 
tanks''  or  in  storage  tanks,  having  the  same  tendency  as  the  line 
drip  to  improve  the  product  as  a  whole. 

The  following  distillation  represents  approximately  an  averagi^ 
first-stage  condensate  as  produced  in  California  practice: 

Results  of  fractional  distillation  of  first-compression  naphtha  (condensate), 

[Analyst,  Paul  W.  Pnitanan.] 
Still  chaiged  with  500  c.  c,  at  62°B.;  started  over  at  106**  F. 


Cat  No. 

Amount 
of  out. 

Final 
temper- 
ature. 

Gravity 
of  out. 

Per  cent. 

1 

c.  c. 
fiO 
60 
60 
50 
60 
60 
60 
60 
60 
16 

174 
192 
206 
218 
228 
241 
254 
272 
312 
352 

76.8 
71.8 
66.5 
63.1 
60.8 
58.4 
56.5 
54.6 
51.4 

10 
10 
10 
10 
10 
10 
10 
10 
10 

2 

3 

4 

6 

6 

7 

8 

0 

Total  amount  distilled  off  and  collected,  466  c.  c. ;  final  temperature,  352**  F.   Loss,  8  per  cent. 

Eastern  or  Mid-Continent  products  with  these  end  points  would 
have  a  specific  gravity  between  5*^  and  9®  B.  higher,  but  the  sample 
distilled  is  fairly  representative  of  the  first-stage  product  of  two-stage 
plants. 

CONDENSATE  FROM  HEGH-PBESSTJBE  COILS. 

Next  in  the  series  of  condensates  collected  is  that  obtained  from 
the  gas  under  the  maximum  pressure  used  in  any  given  plant  and 
at  temperatures  developed  by  water  cooling. 

In  average  plant  practice  the  condensate  precipitated  and  col- 
lected at  this  point  represents  the  principal  bulk  of  the  total  re- 
covery, seldom  being  less  than  30  per  cent  of  the  total  product  even 
^  plants  using  expansion  units,  and  at  times  reaching  100  per  cent, 
^  in  all  single-stage  practice  and  in  some  two-stage  installations. 
^^  plant  22,  which  compressed  the  gas  to  300  poimds  in  two  stages 
^d  cooled  it  to  60°  F.  in  the  high-pressure  coils,  all  the  condensate 
waa  produced  at  this  point,  the  product  having  a  gravity  of  96°  B. 
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The  specific  gravity  of  the  high-stage  condensate  is  between  65' 
B.  and  100°  B.,  averaging  in  eastern  fields  approximately  85®  B.,  m 
Oklahoma  78°  B.,  and  m  California  72°  B. 

As  formed  in  the  accumulator  tank  this  condensate  is  "wild," 
owing  to  the  absence  of  low-gravity  fractions,  to  dissolved  gas,  and 
to  hydrocarbons  that  can  be  held  as  liquids  only  under  iiigh  pressure 
at  the  temperatures  attained  in  the  water-cooled  coils.  As  the  pres- 
sure is  reduced  by  the  automatic  traps  or  in  the  transfer  from  ac- 
cumulators to  the  "make''  or  storage  tanks,  the  lighter  fractions 
and  dissolved  gases  immediately  start  coming  off  and  build  up  pres- 
siu'c  in  the  tank  containing  them  or  escape  to  the  atmosphere. 
For  these  reasons  the  condensate  from  high-pressure  accumulators 
is  usually  discharged  to  tanks  containing  the  heavier  fractions  pre- 
cipitated in  other  coils  and  is  often  blended  in  there,  or  before  it 
reaches  the  storage  tanks. 

CONDENSATE  FBOH  BJCPANSION  COIL. 

Table  6  (p.  45)  gives  the  gravity  and  percentage  of  this  con- 
densate as  obtained  in  plants  using  expansion  imits.  The  conden- 
sate has  much  the  same  physical  characteristics  as  the  condensate 
from  high-pressure  water-cooled  coils  and  is  handled  and  treated  in 
the  same  way. 

CONDENSATE  FBOH  EXPANSION  EXHAUST. 

As  stated  and  discussed  under  expansion  units,  plant  6  collects  a 
high-gravity  (105°  B.)  condensate  in  an  accumulator  dose-connected 
to  the  exhaust  of  the  second-stage  expansion  cylinder.  This  con- 
densate is  stored  separately  and  held  under  pressure  until  blended 
with  large  quantities  of  48®  B.  naphtha. 

At  the  plant  shown  in  Plates  VIII,  A  (p.  46),  and  IX,  A  (p.  47). 
the  condensate  collected  in  the  expansion-exhaust  accumulator  tank 
is  mixed  with  the  balance  of  the  plant  product  and  the  mixture  is 
shipped,  without  blending,  by  auto  trucks. 

CONDENSABLE  HTDBOCABBON  FBACTIONS  IN  NATXTBAX  GAS. 

From  these  data  and  from  points  previously  brought  out,  it  appe&i? 
that  different  natural  gas  from  different  fields  containing  the  same 
quantity  of  condensable  vapors  seldom  contains  the  same  percentages 
of  the  various  hydrocarbon  fractions  entering  into  the  composition 
of  gasoline. 

This,  in  part  at  least,  explains  the  wide  variation  in  the  gravity  and 
amoimt  of  product  obtained  imder  similar  conditions  of  temperature 
and  pressure  in  different  plants  treating  gas  from  different  parts  of  the 
same  field  or  from  different  fields. 

From  the  study  made  by  the  writer  of  the  conditions  as  found  in 
fields  throughout  the  United  States,  the  explanation  seems  to  lie  in 
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ny  one,  of  a  combination,  of  three  [conditions — the  fractional  com- 
osition  of  the  gasoline  content  of  the  oil  from  which  the  gas  comes, 
tie  temperature  of  the  oil,  and  the  pressure  on  the  oil  at  the  time  of 
dleasing  the  vapors  to  the  gas. 

Under  the  first  condition,  as  demonstrated  by  refinery  results  and 
:*actionations,  it  has  been  shown  that  distillates  of  the  same  gravity 
nd  the  same  or  diBferent  end  points  vary  widely  in  the  content  of 
he  different  fractions  obtained  between  the  same  temperature  limits, 
'he  oil  containing  only  certain  fractions  of  the  light  hydrocarbons 
an  give  up  only  these  fractions  to  the  gas,  regardless  of  ^e  tempera- 
ure  or  pressure. 

As  the  temperature  of  the  oil  varies  in  different  fields  and  at  differ- 
tnt  localities  and  depths  in  the  same  field,  the  factor  of  temperature 
Qust  bear  directly  on  the  fractions  of  distillates  contained  in  the 
;as.  At  constant  pressures  and  temperatures  only  certain  of  the 
ractions  will  vaporize  and  be  carried  into  the  gas,  leaving  other 
ractions  as  liquids  with  the  oil. 

In  any  oil  field,  rock  pressures  decline  as  the  supply  of  gas  and  oil 
18  reduced.  As  the  boiling  or  vaporizing  temperatures  of  liquids  are 
lowered  by  reduced  pressures,  this  condition  of  lower  pressures  allows  the 
less  volatile,  heavier  fractions  to  vaporize  if  the  temperature  remains 
constant,  thus  adding  to  the  gasoline  content  of  the  gas.  As  the 
rock  pressure  becomes  low  and  the  rate  of  decline  so  slow  as  to  be 
practically  stationary,  and  vapors  no  longer  distill  naturally  from  the 
oil  left  in  the  groimd,  resort  is  had  to  vacuum  pumps  to  increase  the 
flow  of  oil  and  gas,  thus  permitting  the  vapors  to  distill  from  the  oil 
in  the  sands.  Under  this  method  is  produced  the  gas  of  which  the 
greatest  proportion  is  condensable,  as  in  eastern  compression  practice. 

The  widely  varying  conditions  imder  which  casing-head  gas  obtains 
its  charge  of  condensable  vapors,  the  variable  content  of  lighter 
hydrocarbons  in  the  oil  in  the  groimd,  and  the  direct  effects  of 
the  law  of  partial  pressures  on  the  products  precipitated  at  the 
different  stages  in  plant  practice  wiU  to  no  small  extent  account  for 
the  great  differences  in  plant  practice  as  to  pressures  and  tempera- 
tures used,  and  also  for  the  variations  in  the  percentage  and  gravity 
of  the  condensates  of  successive  plant  stages  and  the  gravity  and 
vapor  tensions  of  the  product  of  plants  in  different  fields. 

VABIATIONS  IN  PLANT  PBODTJCT. 

The  quantity  and  the  gravity  of  condensates  from  different  plants  is 
shown  in  Table  2  (p.  29).  These  figures  represent  the  average  quan- 
tity and  the  average  gravity,  but  both  vary  considerably  from  day 
^  day  and  month  to  month.  Many  theories  have  been  advanced 
to  account  for  these  variations,  but  none  of  them  is  satisfactory  in 
analyzing  the  variations  as  they  actually  occur  in  plant  production. 
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From  the  known  effects  of  temperature  on  gas  containiiig  condeo- 
sable  vapors,  it  is  reasonable  to  believe  that  atmospheric  conditions, 
changing  as  they  do  with  the  seasons,  explain  in  part  the  difF^^^ce 
noticed  from  time  to  time  in  the  yields  from  the  different  stages  and 
in  the  total  plant  output.  Many  operators  state  that  a  larger  pro- 
portion of  condensate  of  higher  gravity  is  coUected  in  the  low^-stag? 
accinnidator  tanks  in  cold  weather.  This  same  result  is  noticed  also 
in  the  quantity  and  gravity  of  '^line  distillate"  precipitated  in 
gathering  systems  and  collected  in  the  line  drips.  In  many  plasu 
the  total  production  increases  in  winter,  but  this  is  not  always  trof 
as  in  plants  using  low  temperatures,  produced  by  expansion  engineb 
It  is  often  foimd  that  cold  weather  condenses  some  vapor  in  the 
gathering  lines,  and  unless  this  is  coUected  and  added  to  the  totsi 
an  actual  decrease  in  plant  production  residts.  It  has  been  sho^ 
by  several  records  of  plant  production  that  the  yield  decreases  on  & 
cold  day  and  increases  to  a  point  well  above  the  average  on  the  first 
warm  day  after  a  period  of  cold  weather.  A  plant  in  a  hot  climati 
on  keeping  records  of  the  variations  in  production  and  attemptin; 
to  determine  the  factors  concerned,  found  that  in  general  the  pro- 
duction usually  varied  from  day  to  day  with  the  temperature,  but  si 
times  varied  in  the  opposite  direction.  The  operators  believed  thit 
the  cause  v  is  to  be  found  in  a  combination  of  atmospheric  condi- 
tions, including  temperature,  barometric  pressure,  and  huiniditT> 
which  undoubtedly  would  affect  evaporation  and  cooling  of  water 
used  either  in  towers  or  sprays.  To  what  extent  these  conditions 
control  the  production  or  accoimt  for  the  variations  in  it,  it  is  not 
possible  to  say. 

Another  plant  that  had  been  treating  the  same  quantity  of  gas 
daily  from  the  same  weUs  for  nearly  three  years  suddenly  increased 
its  production  from  5,200  to  5,900  gallons  per  day,  averaged  over  s 
period  of  one  month,  no  changes  having  been  made  in  plant  practice. 
The  operators  believed  that  the  increase  was  due  to  some  change  in 
xmderground  conditions  that  permitted  the  gas  to  be  enriched. 
Exceedingly  careful  records  have  been  kept  at  this  plant,  and  these 
show  that  the  daily  production  usually  varied  between  100  and  300 
gallons.  The  sudden  increase  of  700  gallons  daily  over  a  i>eriod  of 
one  month  has  not  been  satisfactorily  accounted  for.  The  gravity 
of  the  condensate  remained  constant. 

Usually  the  gravity  of  the  total  plant  product  increases  in  cold 
weather,  owing  to  the  separation  of  part  of  the  heavy  fractions  in 
the  gathering  lines  and  to  the  condensation  of  lighter  fractions  in  tiw 
water-cooled  coils. 

It  appears  that  a  satisfactory  explanation  of  the  causes  of  varia^ 
tion  in  production  will  not  be  arrived  at  until  complete  records  of 
the  variations  in  yield  and  gravity  of  the  condensate,  in  the  tern- 
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»erat\ireB  and  pressures  used,  and  in  atmospheric  conditions  are  kept 
t  different  plants  so  these  data  can  be  studied  with  reference  to  each 
ther  and  a  comparison  made  of  the  results  obtained  at  a  niunber  of 
slants  in  different  fields  and  imder  different  climatic  conditions. 

[THE  USE   OF  AMMOKIA  AS  AN  AUXILIABT  COOLING  AGENT. 

I>E8CBIPTION  OF  PI4ANT  IN  FTJLLEBTON  FIELD. 

A  detailed  description  of  plant  2,  which  is  situated  in  the  Fullerton, 
[^alifomiay  field  follows:  The  casing-head  gas  being  treated  in  the  plant 
IS  brought  from  20  oil  wells  through  3,500  feet  of  2,  4,  and  6  inch  lines, 
2-inch  lead  lines  from  the  different  weUs  being  connected  with  the 
main  gathering  lines  of  4  and  6  inches  diameter. 

The  6-inch  main  discharges  the  gas  at  the  plant  into  a  6-foot  by 
10-foot  steel  receiver  which  also  acts  as  a  scrubber  and  acciunulating 
tank  for  ''line  distillate,"  removing  from  the  gas  the  crude  oil,  the 
condensate  formed  in  the  pipe  lines,  and  dirt.  The  receiver  is  con- 
nected to  a  single-stage,  40-horsepower,  noncondensing,  direct- 
connected  air  compressor  with  12  by  16  by  12  inch  cylinders.  The 
compressor  is  steam  driven,  rate  200  revolutions  per  minute,  and 
takes  steam  at  a  pressure  of  110  pounds.  The  compressor  holds  on 
the  intake  receiver  a  10-inch  vacuum  that  brings  the  gas  through  the 
pipe  lines  from  the  well,  but  is  practically  dissipated  by  friction  and 
leakage,  leaving  the  pressure  at  the  weUs  at  or  near  zero. 


REFRIGERATION   '* STILLS.'* 


Seven  ''stills,''  or  coil  heat  interchangers  are  used  in  cooling  the 
gas.  (See  fig.  11.)  Each  still  consists  of  1,260  feet  of  1  J-inch,  extra 
heavy  pipe  coiled,  with  return  bends,  inside  of  a  12-inch  tube  80  feet 
long  laid  at  a  slope  of  1  inch  in  10  feet,  or  8  inches  in  all,  to  collect  the 
condensate  at  one  point,  thence  it  is  drained  into  storage  or  ^^make" 
tanks.  The  seven  stiUs  are  parallel  with  one  another,  all  draining 
in  the  same  direction.  Four  of  the  stills,  in  which  ammonia  is  used 
as  the  refrigerant,  are  insulated  by  about  1  foot  of  sawdust  con- 
tained in  a  wooden  housing  about  the  tube;  the  other  three  coils, 
which  treat  the  hot  gas  from  the  compressor,  are  not  insulated  and 
are  exposed  to  the  air,  the  hot  gas  flowing  in  the  12-inch  tube  and  the 
cold  gas  in  the  1  J-inch  coils. 

The  compressor  discharges  the  gas  at  a  pressure  of  37  pounds  and 
a  temperature  of  150°  F.  into  stills  1  and  2,  connected  in  parallel. 
These  stills  discharge  into  the  outer  tube  of  still  3,  the  gas  from  this 
still  flowing  through  the  outer  tube  of  each  of  the  other  stills  in  suc- 
cession. The  dry,  cold  gas  from  still  7,  in  which  the  lowest  tempera- 
ture, approximately  10°  F,,  and  the  final  precipitation  of  condensate 
&re  obtained,  is  discharged  into  a  pipe  which  returns  it  to  the  l^-inch 
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coils  of  stills  1,  2,  and  3.  The  gas  is  divided  equally  between  the  three 
coils  of  these  stills,  flowing  through  them  in  parallel,  thence  it  dis- 
charges into  a  header  connected  with  the  field,  or  "dry-gas/'  lines 
canying  it  back  to  the  various  leases. 


TEMPERATURES   OBTAINED. 


The  following  table  gives  the  average  temperature  of  the  gas  as  it 
enters  each  of  the  stills;  abo  the  average  gravity  of  the  condensate 
discharged  at  the  low  end  of  each  still.  The  gravity  of  the  mixture 
of  the  entire  product  from  all  the  stills  averages  76®  B. 
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Temperatwre  of  gas  and  gravity  of  condensate  from  each  of  the  seven  stills. 

Temperature  of  gas        Gravity  of 
in  each  still,  "F.      condiBxifiite,  *B. 

Stills  1  and  2 150  62 

Still  3 75  65 

Still  4 50  73 

Still  5 40  78 

Still  6 30  85 

Still  7 10  95 

COOLING   SURFACE. 

In  each  still  the  1,260  feet  of  1  J-mch  pipe  exposes  a  radiating  sur- 
face of  412  square  feet  to  the  wet  gas  being  refrigerated  in  the  12-inch 
tube,  or  2,884  square  feet  in  the  entire  set  of  seven  stills.  Of  the  2,884 
square  feet  of  surface  area,  1,648  feet  are  cooled  by  ammonia  in  stills 
4,  5,  6,  and  7,  and  1,236  feet  by  cold,  dry  gas  in  stills  1,  2,  and  3  that 
has  passed  through  the  entire  set  of  refrigerating  tubes,  giving  a  total 
of  8.24  square  feet  of  cooling  surface  for  each  1,000  cubic  feet  of  gas 
treated  per  day. 

COLLECTING   CONDENSATE. 

The  condensate  from  each  still  is  drawn  off  continually  from 
the  bottom  at  the  low  end  through  a  1-inch  pipe  manifold  to  a 
cone-bottom  settling  tank  in  which  the  gasoline  and  the  water  sepa- 
rate by  gravity,  the  water  being  drawn  off  at  the  bottom  and  the  con- 
densate flowing  to  the  storage  tanks.  The  1-inch  manifold  and  the 
bottom  of  each  still  are  connected  by  a  J-inch  gage  glass  through 
which  the  condensate  precipitated  in  that  still  flows,  allowing  the 
operator  to  see  at  aU  times  the  flow  of  condensate  before  it  is  mixed 
with  that  of  other  stills.  By  this  arrangement  he  can  note,  without 
stopping  the  plant,  whether  any  discolored  condensate  is  being  dis- 
charged, or  whether  any  one  of  the  stills  is  not  working  properly. 

AMMONIA   CIRCUIT. 

The  ammonia  used  in  refrigeration  is  compressed  in  the  duplex 
compression  cylinders  of  a  30-ton  Stevens  ice  machine,  direct-con- 
nected to  a  125-horsepower,  tandem-compound,  steam-driven  Corliss 
engine,  with  10  by  20  by  12  inch  cylinders  taking  steam  at  110  pounds 
and  operating  at  80  revolutions  per  minute. 

Prom  the  compression  cylinders  the  ammonia  gas  is  discharged 
at  a  pressure  of  150  pounds  to  the  inside  IJ-inch  pipe  of  a  double-pipe 
water-cooled  coil,  the  water  circulating  through  the  outside  2-inch 
pipe.  This  coil  unit  consists  of  three  sets  of  double-pipe  return-bend 
coils  eight  pipes  high  and  20  feet  long.  Water  circidated  by  a  cen- 
trifugal pump  flows  from  the  coils  over  a  cooling  tower,  collects  in  the 
tower  basin  and  is  returned  to  the  coils  by  the  pump  at  a  temperature 
somewhat  below  that  of  the  atmosphere.  From  the  inside  coils  the 
^^unionia  flows  through  a  ^-inch  pipe  to  a  receiver  or  storage  tank. 
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made  of  8-inch  casing  15  feet  long,  thence  through  an  expansion  valve 
to  the  four  stills,  connected  in  parallel  as  described  above,  at  a  pres- 
sure of  15  pounds  and  a  temperature  of  10*^  F,  The  ammonia  is  dis- 
charged from  the  four  stiUs  into  a  pipe  manifold  leading  to  the  am- 
monia compressor,  to  be  returned  through  the  circuit.  Anmionia 
lost  in  the  pipes  and  stiUs  by  leaks  and  breaks  is  replaced  from  time 
to  time  from  a  steel  bottle  of  compressed  ammonia  connected  to  the 
ammonia  circuit  as  indicated  in  figure  11. 

DESCBIPTION  OF  PLANT  IN  SANTA  HABIA  FIELD. 

Plant  10  uses  ammonia  as  an  auxihary  coohng  agent  in  addition  to 
water  cooling  and  expansion  cooling.  At  this  plant  the  gas  passes 
through  water-cooled  coils  after  each  of  the  three  stages  of  compres- 
sion, then  through  a  coil  cooled  with  brine  refrigerated  by  ammonia 
from  an  ice-making  machine,  and  then  through  double-pipe  coils 
cooled  by  expanding  gas. 

The  gas,  after  being  cooled  in  the  high-pressure  (250  pounds? 
water-cooled  coils,  is  led  through  a  continuous  coil  of  4-inch  pipe  450 
feet  in  length,  inclosed  in  a  wooden  tank  or  basin  built  with  double 
walls  and  bottoms,  9  inches  apart,  the  space  between  the  walls  being 
packed  with  sawdust.  This  coil  is  cooled  with  brine.  The  tank 
bottom  has  enough  slope  to  drain  the  brine  toward  one  end,  whence 
it  is  pumped  for  recirculation  through  the  unit.  The  brine  (calcium- 
chloride  solution)  is  brought  in  contact  with  the  expanded  ammonia 
by  the  use  of  coils  in  an  iron  tank,  reducing  the  temperature  of  the 
brine  to  about  32°  F.  From  this  coohng  tank  the  brine  is  circulated 
by  a  centrifugal  pimip  to  the  gas-coohng  coils,  where  it  is  discharged 
in  such  a  way  as  to  drip  over  the  coil  and  collect  at  the  low  end  of 
the  basin,  to  be  discharged  again  to  the  ammonia-cooled  brine  tank. 

The  gas  discharged  from  the  brine-cooled  coils  has  a  temperature 
of  32**  to  34°  F.  The  advantage  claimed  for  this  system  is  that  the 
temperature  produced  by  the  brine  cooling  precipitates  all  the  water 
vapor  in  the  gas,  thus  preventing  freezing  of  the  double-pipe  coib 
cooled  by  gas  from  the  expansion  engine.  This  is  without  doubt  an 
advantage  to  be  desired,  but  it  could  probably  be  obtained  in  this 
plant,  as  in  other  plants,  by  a  more  thorough  use  of  expanded  gas  in 
coils  of  greater  length  and  smaller  diameter,  or  by  using  the  expanded 
gas  in  two  sets  of  coils  and  coohng  the  high-pressure  gas  in  two  stages, 
the  first  stage  using  the  expanded  gas  from  the  second-stage  coils. 
The  first  coUs  being  partly  warmed,  would  precipitate  only  water  if 
the  temperature  were  properly  adjusted  as  is  done  in  other  plants 
described.  The  ammonia  compressor  and  coils,  also  the  brine  cir- 
culating pumps,  cods,  and  cooler  could  be  abandoned,  and  only  the 
extra  set  of  expansion  coils  put  in  to  replace  them. 

The  brine  and  anmionia  cooling  installation  is  cimtibersome,  ineffi* 
cient,  and  requires  more  time  and  care  than  the  result  warrants. 
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TBEATHENT    OF    STILL    VAPORS    BT    COMPRESSION    AT  .  A 

REFINERT  IN  NEW  JERSEY. 

VAPOB8  TBEATED. 

The  gases  treated  in  the  compression  plant,  designated  as  plant  80 
in  the  tables,  at  a  refinery  in  New  Jersey  are  those  from  all  cooling 
coils  in  which  the  lighter  fractions  of  crude  oil  and  naphthas  from 
both  fire  and  steam  stills  are  being  condensed.  Figure  12  shows  (at 
the  extreme  left)  the  condenser  box  and  coils  from  which  the  imcon- 
densed  gases  and  vapors  treated  by  compression  originate.  From 
that  point  each  unit  and  process  is  shown  diagrammatically  to  the 
point  at  which  the  condensate  and  fixed  gases  are  finally  separated 

COLLBCnNG  VAPOBS. 

At  the  discharge  pipe  of  the  coils  in  water  boxes  a  T  connection  is 
made,  the  condensate  flowing  down  into  pipes  connected  with  the 
''tail  house"  and  **look  boxes";  the  gases  and  vapors  rise  through  a 
vertical  pipe  6  feet  high  to  the  8  or  10  inch  collecting  pipe  called  the 
gas  main.     The  gas  main  is  also  connected  with  a  2-inch  pipe  to  the 
condensate  line  at  a  point  about  2  feet  back  of  the  look  boxes,  and 
with  a  2-inch  pipe  leading  from  the  top  of  the  look  boxes,  both  of 
which  are  used  to  reHeve  the  pressure  and  collect  vapors  that  have 
been  carried  past  the  first  stage  of  separation,  or  have  formed  in  the 
condensate  flow  lines.     From  the  top  of  the  gas  main  the  gas  is  led 
through  12-inch  pipe  connections  past  a  butterfly  valve,  which  regu- 
lates the  vacuum  held  on  the  discharge  pipes  of  the  condenser  coils, 
to  a  vertical  steel  receiving  tank  15  feet  in  diameter  and  18  feet  high. 
In  this  tank  the  gas  is  given  a  preliminary  scrubbing  with  sea  water, 
removing  part  of  the  sulphur  compounds,  some  heavy  oils  which 
have  been  carried  through  the  stills,  and  a  small  quantity  of  discol- 
ored condensate  of  approximately  53®  B.  gravity.     The  12-inch  pipes 
leading  to  the  receiver  are  taken  out  at  the  top  of  the  gas  main, 
instead  of  the  bottom,  so  as  to  trap  back  any  condensate  formed  in 
the  main  and  allow  it  to  flow  down  the  6-foot  risers  and  back  into 
the  lines  from  the  coDs  to  the  tail  house  with  the  rest  of  the  con- 
densates produced.     The  vacuum  held  and  regulated  by  the  butter- 
fly valve,  previously  referred  to,  on  the  gas  mains  and  on  the  discharge 
of  the  condenser  coUs  is  between  0.25  and  1  inch  of  mercury  (2  to  8 
ounces  below  atmospheric  pressure).     There  is  no  gage  between  the 
butterfly  valve  and  the  blower  that  produces  the  vacuum,  so  no 
record  of  the  pressure  between  these  points  is  available.     However, 
the  writer  was  informed  that  a  test  had  been  made  that  showed  a 
vacuum  of  22  inches  of  merciuy. 
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SCBTTBBXNG  PBOCESS. 


From  the  receiving  tank  a  12-inch  pipe  carries  the  gas  to  a  size  S 
positive-pressure  Root  blower  which  holds  the  vacuum  on  the  re- 
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ceiving  tank  and  the  gas  mains  and  delivers  the  gas  at  a  pressure  of 
one  poimd  to  the  scrubbers  and  the  low-pressm-e  compressor  beyond 
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the  scrubbers.  From  the  blower  the  gas  passes  through  six  4  by 
20  foot  vertical  iron  scrubbers  connected  in  series.  The  connections 
are  so  made  that  by  opening  or  closing  valves,  the  scrubbers  may  be 
opwated  as  two  sets,  in  parallel,  of  three  tanks  connected  in  series. 
This  arrangement  was  tried  and  abandoned  in  favor  of  the  series  of 
six.  In  each  scrubber  the  gas  enters  at  a  point  about  two  feet 
above  the  bottom,  passes  a  series  of  wood  baffles  over  which  warm 
wash  water  or  caustic  solution  is  falling,  and  discharges  at  the  top. 
The  gas  then  passes  through  the  next  scrubber  in  the  series. 

In  the  first  four  scrubbers  warm  sea  water,  flowing  over  baffles 
countercxirrent  to  the  gas,  is  used  to  remove  impimties,  consisting 
chiefly  of  sulphur  and  sulphur  compoimds,  from  the  gas.  In  the 
fifth  scrubber  a  solution  of  sodiimx  hydroxide  (lye)  with  a  specific 
gravity  of  12®  B.  is  circulated  over  the  wood  baffles,  in  the  same  man- 
ner as  the  water  in  the  other  tanks,  to  remove  any  acids  contained 
in  the  gas.  These  impurities  may  originate  either  in  the  crude  oil 
or  in  the  refining  of  the  various  distillates  from  which  vapors  are 
taken  for  treatment  by  compression.  The  lye  used,  as  received  at 
the  refinery  from  the  manufacturer,  is  a  35®  to  40®  solution.  It  is 
transferred  to  one  of  four  iron  storage  tanks  and  diluted  to  the 
strength  used  in  the  scrubber.  After  being  circulated  imtil  it  will 
not  neutralize  the  acid  in  the  gases  and  becomes  foul,  it  is  wasted 
and  fresh  solution  is  put  into  circulation. 

In  the  sixth  scrubber  warm  salt  water  is  used  to  remove  any 
traces  of  caustic  remaining  in  the  gas.  Caustic  in  the  gas  would 
react  with  the  lubricating  oils  in  the  compressor  cylinders,  causing 
cutting  of  the  cylinders  or  an  excessive  waste  of  oU. 

The  gas  in  passing  through  the  six  scrubbers  is  warmed  2®  to  5® 
F.  by  the  warm  water  used  as  the  scrubbing  medium.  This  warm 
salt  water  is  the  discharge  from  the  Wheeler  condenser  used  in  con- 
nection with  the  low-pressure  steam  cylinder  of  the  compressor. 
The  fact  that  the  water  used  is  salt  has  nothing  to  do  with  the  process. 
Sea  water  is  used  because  it  is  the  most  available,  the  plant  being 
situated  on  the  Atlantic  coast.  No  condensate  is  formed  diu'ing 
the  scrubbing.  This  woidd  be  anticipated  because  of  the  increased 
temperature  of  the  gas  due  to  the  use  of  the  warm  condenser  water. 
Both  the  water  and  the  lye  solution  circulated  tlirough  the  scrubber 
tanks  are  handled  by  duplex  pmnps. 

COMPBESSION  AND  COOLXNG. 

From  the  sixth  scrubber  the  gas  is  dehvered  at  a  pressure  of  1 
pound  and  a  temperatiu-e  of  70®  F.  to  the  low-pressure  cylinder  of 
the  compressor,  which  discharges  it  at  a  pressure  of  43  poimds  and  a 
temperature  varying  between  200®  and  250®  F. 

Gas  discharged  from  the  low-pressure  cyhnder  to  the  intermediate 
cooling  coils  is  passed  through  a  Bundy  oil  separator,  which  removes 
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lubricating  oils  carried  over  with  hot  gas  and  gascdine  vapor  irom 
the  compressor  cylinder.  The  coils  used  are  the  water-cooled  type 
submerged  in  a  box,  typical  of  refinery  construction.  The  gas  is 
divided  in  a  header  into  six  sets  of  return-bend  coils  of  3-incli  pipe 
10  feet  long  and  six  pipes  high,  totaling  360  feet  of  3-incli  iiipe, 
exposing  a  radiating  surface  of  283  square  feet,  or  0.189  squ€u:^  foot 
per  1,000  cubic  feet  of  gas  treated  per  day.  This  is  approximately 
one-third  of  the  radiating  area  usually  found  in  compression  plants 
for  the  same  service. 

At  the  bottom  of  the  coil  the  gas  is  again  collected  throu^  a 
header  and  discharged  into  an  accumulator  tank  in  which  750  to 
1,000  gallons  of  condensate  is  collected  each  day.  The  condensate 
varies  in  gravity  according  to  weather  conditions,  averaging  68®  B. 
in  simuner  and  72°  B.  in  winter.  The  product  collected  in  this 
accumulator  tank  is  forced  into  storage  tanks  by  the  working  gas 
pressure  as  often  as  necessary  and  blended  with  the  rest  of  the 
condensate.  The  gas  leaving  the  coils  has  a  temperature  of  70®  to 
90°  F.,  the  high  temperature  probably  being  due  to  the  small  cooling 
area  used  at  this  plant. 

At  this  temperatxu'e  and  pressxire  (70°  to  90°  F.  and  43  poimds) 
the  gas  enters  the  high-pres3iu*e  cylinder  and  is  dischaj^ed  at  a 
pressure  of  160  poimds  and  a  temperatiu*e  between  170®  and 
250°  F.  The  gas  is  again  led  through  a  Bundy  trap  to  separate 
lubricatiug  oils,  as  previously  described,  and  then  to  the  high-pressure 
cooling  coils,  which  are  the  same  size  and  length  as  the  intermediate 
coils  used  to  cool  the  low-pressiu*e  gas,  except  that  two  sets  are  used 
in  series  in  place  of  one,  having  twice  the  cooling  area.  The  average 
temperature  to  which  the  gas  is  reduced  in  these  coils  is  70°  F.  and 
is  the  lowest  temperature  used  in  the  treatment. 

After  the  condensate  and  gas  have  been  separated  in  the  high* 
pressiu:e  accumulator  tank  the  pressure  is  reduced  through  a  valve 
to  one-half  poimd  and  the  gas  discharged  to  a  gas  receiver  in  which 
gas  is  stored  and  used  for  fuel  imder  boilers,  stills,  etc.,  in  the  plant. 

BLENDINa. 

Blending  at  this  plant  is  all  done  imder  a  pressure  of  160  pounds  in 
the  high-press\u*e  accumulator  tank,  as  follows: 

Naphtha  with  a  gravity  of  53°  B.  is  pumped  through  IJ-inch  pipe 
in  coil  boxes  and  cooled  to  70°  F.,  then  into  the  top  of  the  high- 
pressiu-e  accumulator  tank,  and  sprayed  through  the  rising  gas  at  a 
rate  which  gives  a  mixture  containing  approximately  four  parts  of 
naphtha  to  one  of  condensate,  or  about  80  per  cent  naphtha.  At 
regular  intervals  the  mixture  is  drawn  oflF  into  another  tank  con- 
taining the  low-stage  condensate,  and  the  resulting  mixture  sampled 
and  tested  for  gravity.     If  the  gravity  is  foimd  to  be  too  high,  more 
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aaphtha  is  pumped  into  the  accumulator  tank,  which  lowers  the 
gravity  of  the  next  batch  drawn  oflF  into  the  storage  tank  and  of  all 
the  blend  in  storage,  or  if  the  gravity  was  too  low  the  proportion  of 
aaphtha  pumped  into  the  accmnulator  is  cut  down.  From  4,000  to 
5,000  gallons  of  raw  condensate  is  made  daily  in  the  high-pressiu-e 
coils,  and  this  with  the  condensate  from  the  low-pressure  coils  makes 
a  total  production  of  5,000  to  6,000  gallons  per  day  from  treated  gases 
and  vapors.  The  raw  condensate  from  the  high-pressiu-e  coils  has 
a  gravity  varying  between  76°  and  93°  B.  After  blending  with 
naphtha,  the  product  has  a  gravity  of  58°  to  61°  B. 

The  level  of  the  mixtiu-e  in  the  high-pressure  accumulator  tank  is  at 
all  times  kept  above  the  discharge  pipe  from  the  coils,  thus  forcing 
all  the  gas  to  pass  through  the  blended  product.  It  is  claimed  that 
this  method  adds  250  to  500  gallons  daily  to  the  net  production. 
Inasmuch  as  the  blend  is  four  parts  naphtha  to  one  of  condensate, 
and  the  temperature  of  the  gas  in  the  coils  is  such  as  to  leave  part  of 
the  comparatively  heavy  gasoline  fractions  imcondensed,  absorption 
of  liquids  from  the  gases  or  absorption  of  the  gases  themselves  may 
reasonably  take  place.  The  general  practice  throughout  the  United 
States,  however,  is  to  remove  the  condensate  from  contact  with  the 
gas  as  soon  as  possible. 

QUANTITY  OF  GAS  TBEATED,  AND  PBODTJCTION. 

The  volume  of  gas  treated  is  computed  from  the  compressor  dis- 
placement, and  the  record  of  engine  revolutions  with  5  per  cent 
deducted  for  slippage.  On  this  basis  the  gas  passing  through  the 
plant  varies  between  IJ  and  2  million  cubic  feet  per  day,  and  shows 
an  average  production  of  3.09  gallons  of  condensate  per  1,000  cubic 
feet  of  gas  treated. 

COMPILE  SSOB. 

All  gas  compressed  passes  through  a  2-stage  Corliss-valve  com- 
pressor, direct  connected  to  a  combination  cross-compound,  condens- 
ing Corliss  engine;  steam  cylinders  are  16  and  32  inches  in  diameter 
with  30-inch  stroke.  The  compressor  speed  varies  greatly,  being 
dependent  upon  the  amoimt  of  gas  coming  from  the  stills,  which  in 
turn  depends  upon  the  stage  of  distillation  of  oil  at  which  the  various 
stills  are  working. 

SPECIAL  FEATCniES  OF  PLANT. 

The  noteworthy  features  of  this  compression  plant  are  the  scrubbers 
for  removing  sulphur  and  acid,  the  Root  blower  as  a  booster  imit,  the 
passing  of  gas  through  the  condensate  to  bring  about  greater  pro- 
duction of  gasoline  condensate  by  absorption,  and  the  large  amoimt 
of  naphtha  used  in  the  blended  product. 
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MACHINES  USED  IN  COHPBESSION  PLANTS. 


Table  7  shows  the  total  rated  horsepower  used  m  gas  compressioD 
in  each  of  the  plants  listed,  and  the  number  of  cubic  feet  of  gas  com- 
pressed per  day  by  one  rated  horsepower. 

Table  7. — Rated  horsepower  and  capacity  ofvarUmt  plantt. 


Plant  No. 

Total 
rated 
horse- 
power. 

1 

Cubic  feet 

of  gas 
compressed 

daily  per 
horsepower. 

Plant  No. 

Total 
rated 
horse- 
power. 

Cubic  feet 

of  gas 
compressed 

dally  per 
horsepower. 

3 
4 
7 
9 
11 
12 
14 
16 
17 
19 
20 
21 
22 
30 
32 
33 

110 
300 
1,800 
320 
480 
240 
330 
100 
300 
576 
495 
300 
180 
210 
695 
560 

4,100 
4,000 
4,160 
3,200 
3,100 
2,917 
3,030 
2,500 
2,500 
3,060 
3,030 
3,300 
3,300 
3,500 
4,300 
3,200 

34 
35 
36 
37 
38 
50 
51 
.  52 
54 
55 
56 
57 
76 
77 
78 
79 

300 
100 
480 
170 
300 
320 
110 
100 
900 
300 
210 
350 
300 
50 
50 
105 

2,500 
3,500 
2,400 
2,300 
2,500 
8,700 
2,170 
2,500 
2,500 
4,170 
1,800 
2,400 
6,750 
8,000 
900 
2,380 

The  quantity  of  gas  compressed  or  treated  per  horsepower  in  the 
plants  visited  varies  between  wide  limits.  The  chief  causes  for  this 
variation  are  that  the  intake  pressures  vary  widely  and  also  the  final 
pressures  vary  between  75  and  300  pounds.  Many  other  factors  in 
plant  operation  also  affect  the  results,  among  which  are  the  actual 
efficiency  of  the  engine  and  compressor  used,  the  temperature  of  the 
gas  at  different  stages,  the  sizes  and  length  of  pipes  through  which 
the  gas  is  forced,  and  the  power  used  in  driving  pumps  and  line  shafts, 
which  in  many  plants  is  taken  from  the  engine  that  drives  the  com- 
pressor. In  plants  where  expansion  engines  are  used  to  compress 
gas  no  attempt  has  been  made  to  estimate  or  add  the  power  delivered 
by  such  units. 

The  table  shows  that  the  average  plant  visited  by  the  writer  has 
340  horsepower  and  treats  approximately  3,250  cubic  feet  of  gas  per 
day  for  each  rated  horsepower  installed.  The  conditions  under  which 
many  of  these  plants  are  operating  may  be  found  in  Tables  3, 4,  and  5. 
Among  operators  who  design  plants  and  use  the  rated  horsepower, 
rated  compressor  capacity,  and  atmospheric  pressure  at  the  intake, 
with  a  discharge  pressure  of  250  pounds,  4,000  cubic  feet  of  ga^ 
daily  per  horsepower  is  used  for  preliminary  estimates  of  the  re- 
(|uirement8  of  a  plant  to  treat  a  given  volume  of  gas.  The  final 
estimates  necessarily  must  include  all  the  items  mentioned  sbo^t 
and  also  take  into  consideration  all  of  the  special  conditions  under 
which  the  plant  in  question  is  to  operate. 
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ENGINES  AND  POWEB. 

Machines  of  practically  all  well-known  manufacturers  making  gas 
engines  or  compressors  have  found  their  way  into  compression 
plants.  One  company  which  has  done  much  pioneer  work  in  both 
the  laboratory  and  the  field,  tending  to  develop  the  natural-gas 
gasoline  industry,  has  placed  its  engines,  compressors,  or  both,  in 
many  plants  in  every  field  visited  by  the  writer. 

Plates  XIII  and  XIV  show  engine  installations  at  two  compression 
plants. 

Table  8  gives  data  on  the  motive  power,  types,  and  sizes  of  engines 
and  compressors,  method  of  connection,  and  the  number  of  com- 
pressor units  used  in  the  plants  visited. 

In  plant  24,  electric  motors  have  been  installed  to  drive  the  com- 
^pressors.  Originally  gas  engines  were  used,  but  the  gas  being  treated 
became  so  rich  in  gasoline  content  that  not  enough  gas  was  discharged 
after  treatment  to  operate  thie  engines.  The  motors  are  set  on  the 
blocks  that  were  used  for  engine  beds  and  are  in  the  same  room  with 
the  compressors.  Because  of  the  possibility  that  gas  may  escape 
about  the  compressors  and  be  ignited  by  sparks  from  the  motors, 
this  arrangement  would  appear  to  be  dangerous  practice,  but  thus 
far,  owing  probably  to  especial  precautions  in  ventilation,  no  fires  or 
explosions  have  occurred. 

Plants  19,  20,  and  21,  all  built  in  1916,  use  vertical  4-cylinder, 
4-cycle  gas  engines  belted  to  the  compressor  imits.  While  this  type 
of  machine  has  many  moving  parts  which  may  get  out  of  order,  and  a 
long  crank  shaft  with  its  bearing  to  watch  and  tighten,  it  is  giving 
coniplete  satisfaction  and  is  claimed  to  economize  fuel  and  give  an 
overload  capacity  of  25  per  cent. 

The  460-horsepower,  direct-connected,  4-cycle,  double-acting  ma- 
chines, although  recognized  as  standard  installations  in  gas-pumping 
plants  throughout  the  coimtry,  have  a  number  of  disadvantages  as 
units  for  the  treatment  of  gas  for  gasoline  extraction.  A  machine  of 
this  size  should  be  installed  only  in  plants  that  draw  gas  from  areas 
large  enough  to  insure  a  supply  for  a  long  term  of  years,  and  are  of 
such  capacity  that  one  of  these  large  units  represents  only  a  small 
fraction  (10  to  20  per  cent)  of  the  total  plant  capacity,  otherwise 
shutting  down  one  imit  unbalances  the  entire  plant  and  materially 
reduces  the  output. 

7338*»— 18— Bull.  151 6 
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Table  8. — Data  on  engines  and  compretson 


Plant 
No. 


1. 
2. 
3. 

4. 


8. 
9. 


10. 


11. 


12. 


14. 


16. 


17. 


10. 

20. 
21. 

22. 

23. 
24. 
25. 


33. 

34. 

37. 

38. 
50. 
51. 
52. 


Engine. 


DrIvQoby — 


Steam.. 
....do.. 
Gas.... 
....do.. 
rSteam.. 
...do.. 


Rated 
hon^ 
power. 


....do. 

High- pres- 
sure gas.  e 
Gas 


— do 

High-pres- 
suregas.c 

Gas 

f....do...... 

\Hi^-pres- 
suregas.e 

Steam 


....do 

HJgh-pres- 
suregas.c 

Gas 

High-pres- 
sure gas.  e 

/Gas 

\High-pres- 
suregas.c 

/Gas 

\High-pres- 
suregas.e 

/Oas 

\High- pres- 
sure gas.  e 

/Gas 

\Higb -pres- 
sure gas.  c 
Gas 


I  High-pres- 
sure gas.  e 
Gas 


40 
110 
150 


450 
450 


80 


Type.a 


Cross  compound 2. 

Straight  line...  V 2. 

Straight-line,  tandem,  2-cycle  1 
"""*■*  2. 

1. 

1. 


Twin  cylinder. 

Cross  compound  condensing. 

Tandem  compound  con- 
densing. 

do 

Cross  compound,  12  by  25 
by  30. 

Tandem,  4-cycle,  double- 
acting. 

do 

Cross  compound 


80 
50 

80 


110 


50 


150 


175 


.do. 


27 

28 

mO • • > •  •  • 
vU.  «  •  .  •  • 

31 

32 


{: 


— do 

.do 

.do 

Electricity 
Gas 


do 

do 

•  *  •  •  •  U  w«  •  •  •  •  • 

do 

do 

/...  .do 

\High-prM- 
suregas.c 
Gas 


High-pres- 
sure gas.c 

Gas 

/ — do 

\ — do 

.do 

.do 

.do 

.do 


165 

150 

Two  40 

Two  50 

35 

35 

50 

85-100 

100 

60 

70 

110 

165 


Type  VU,  16  by  20 

Cross  compound,  12  by  18 

by  10. 
Cross  compound,  12  by  20 

by  12. 
Simole,  12  by  12 


Type  Vn,  16  by  20. 
Simple,  12  by  12.... 


Tyne  vn,  16  by  20 

Drilling  engine,  9  by  12. 


Twin 

Simple,  10  by  12. 


Number  of  compressors 
used.6 


2  low. 


2  high. 
1 


2  high  and  2  low. 
1 


Drive. 


Direct. 
....do. 
Belted. 
....do. 
Direct. 
....do. 


.do. 
.do. 


.do.. 


.do., 
.do.. 


.do., 
.do., 
.do.. 


6, 3  high  and  3  low. 


4, 2 high  and  3  low, 


Type  VII,  13J  by  18. 
Sbnple,  l6byl2 


Twin  cylinder... 
Simple,  12  by  11. 


Vertical,  4-cylinder,  4-cycle 
Duplex  pump,  10  by  12  by  6. 
Vertical,  4-cylinder,  4-cycle. 
....do 


JTypeVn 

Single  cylinder. 

Motor 

Type  VII 


/Eight  50 
\Two  80 


50 
70 
50 
50 
80 
110 
50 


Horizontal 

....do 

Single  cylinder 

....do 

Twin 

....do 

Cross  compound,  12  by  19 
by  18. 

JTypeVII 

Cross  compound,  8)  by  12 
by  12. 

Type  VII,  m  by  18 

uiKle  cylinde 
1 
hcyiin 
Type  VIII,  16  by  20. 


SChgle  cylinder. 

Type  VII,  13i  by  18 

Single-cylinder,  13J  by  18.... 


3. 
1. 


2,1  high  and  How, 


2. 
1. 

3. 

2. 

4. 

4. 


4, 2 high  and  2 low... 


1. 
2. 
2. 

2. 
1. 
1. 
3. 
2. 


9, 4  running. 


10, 5  high  and  5  low 
1 


.do. 

.do. 
.do. 

.do. 
.do. 


.....do 

Belted  to  punip. 


Belted 
Direct. 


.do., 
.do.. 


Belted 
Direct. 


Belted 


.do. 
.do. 


Direct. 

Belted, 
...do. 
Direct. 


Belted. 
....do., 
....do.. 
....do.. 
....do., 
....do.. 
Direct.. 


6.3highand31ow ' do 


.do., 
■do.. 


2. 1  high  and  1  low . 
6, 3  high  and  3  low . 

do 

1 


Twin-cylinder 

Type  V'll,  I3iby  18 '  2,1  high  and  How.. 

«  Figures  show  size  of  cylinder  in  inches. 

h  In  this  column  "low'^  refers  to  low  pressure,  "high"  to  high  pressure. 


Belted.... 

Direct 

do 

do.... 

Belted.... 
Direct 
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sed  at  varioiL8  compression  plants. 


Compressor. 


Dwoilptloo. 


2-stafle 

....do. 

— do. 
....do. 


tage. 


Single-stage. 


....do.. .......... 

Single -suige     (da- 
plez). 


Single-stage. 
3-«tage 


..do. 


Single^tage. 
— do 


...do. 
..do. 

■..do. 


Mage 

Mage,  tandem. 

Single-stag©...^.. 
•  ...do 


Jstage 

Singte-stagi 

Mage 


.do. 
.do. 


^Me^tage. 


Ma«e 
•  • .  .do. 


^  pounds), 
^tatt..... 

— do 

— do 

— do.._ 


(to  150 


.do. 
.do. 


8m«le-rtagi"'(diH 
Plex).         ' 

Single  stage 

Si^ge-stage    (du- 

.do. 


l^^^Jfe-stage". 


.do 
do. 


Size  of  cylinder  (inches). 


Low-pressure 
cyUnder. 


21  by  24.. 
12  by  16.. 
134  by  14. 

Idbyl*.- 
20  by  24.. 

15  by  24.. 

16  by  16.. 
24  by  JO.. 

31  by  36.. 


Two  22  by  16. 


14by26..*.'>! 
16  by  10 


20  by  12. 


14  by  12. 


Three  14  by  20, 
14  by  12 


Two  7  by  20... 


13  by  14. 
8  by  12.. 


11  by  18. 

12  by  12. 

16  by  16. 
20  by  11. 

16  by  16. 


16  by  16. 
16  by  16. 


11  by  15. 
14  by  10. 


14  by  14. 
16  by  16. 
18  by  18. 


/Eight  12  by  18 

\Two  14  by  20 . 

14  by  12 


12  by  18.. 
12  by  12.. 
10  by  18.. 

12  by  18,. 
14  by  20. 

13  by  14. 
12  by  18. 


High-pressure 
cylmder. 


9iby24. 


64  by  14. 

8  by  10- • 
by  24 

»y24. 


p^ru. 


74  by  16. 
12  by  30. 


15i  by  36. 


74  by  20. 
8  by  10. 

12  by  12. 

8  by  12.. 


7iby20 

Two  14  by  20. 


64  by  14. 
4  by  12.. 


6i  by  18. 


8  by  16. 
8  by  16. 


8  by  16. 
8  by  16. 


7  by  16.. 
71  by  10. 


6  by  14.. 
6  by  14.. 
5i  by  12. 


7  by  14. 

8  by  16. 


Eight  6}  by  18. 
Two  7  by  20. . . 


Rated 

speed 

(r.p.m.). 


62 
200 
160 
180 
125 
146 

115 
38 

125 

125 


200 
100 


Varied. 


180 
145 

190 


170 
200 

180 


150 

78 

158 


150 


116 
120 
180 

180 
180 
180 
180 
180 
180 


9  by  18. . 

6  by  12.. 
54  by  18. 

eVis.. 

7  by  20. . 
6  by  14.. 
6  by  18. . 


200 

100 
180 
180 
180 
180 
160 
180 


Remarks. 


Two  300-h 
Erie  bo 


and  four  150-hp. 


Used  as  low  and  intermediate  at  12 

pounds  and  80  pounds. 
Used  as  high  at  260  pounds. 
Used  as  air  compressor. 


Pumps  dry  gas  at  60  pounds. 


Engine  speed,  300  revolutions  per  min- 
ute. 

Water    discharge    throttled    to    100 
pounds. 

Drilling  engine,  10  by  12'inch  cylinder, 
used  as  expansion  engine. 

Engine  speed,  275  revolutions  per  min- 
ute. 
/Drilling  engine,  lOi  by  12-inch  cylhi 
\    ders,  used  ai>  ex];»nsion  engine. 


Feather  valves  on  comproooor. 


e  Expansion  engine  operated  by  expanding  high-pressure,  treated  gas  through  It. 
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Table  8. — Data  on  engines  and  compman 


Plant 
No. 


53 


54. 


55. 

66. 
57. 
58. 
59. 

60. 

61. 
62. 

76. 


77. 


78. 

79. 
80. 


Engine. 


Driven  by— 


I  Gas... 

...do. 

...do. 
do. 

...do. 

...do. 
do. 

...do. 

...do. 

...do. 

...do. 

...do. 

...do. 


.do.... 
.do.... 

.do 

\High-pres- 
sure  gas.e 

/Gas 

\Hlgfa-pres- 
sure  gas.e 
fGas 


Rated 
horse- 
power. < 


Type. 


{ 


a80 

650 

80 

150 


JTypeVn. 


50 
150 
150 
50 
70 
70 
50 
50 

50 


50 
50 


TypeVm 

Twin 

a-cylinder,  tandem. 

TjrpeVn 

Twin-cylinder 

do 

TvpeVin 

Smgle-oylinder 

do 

TypeVm 

do 


Number  of  compressors 
u&ed. 


.do. 


.do. 
Steam. 


50 


50 


35 


TypeVm. 
TypeVni, 
Duplex,  13^  by 


Type  Vra,  13J  bv  18. 


TypeVm. 


do 

Pump,  10  by  6  by  12 

Single  cylinder 

Cross  compound,  Corliss,  16 
by  32  by  30. 


2,1  highandllow.... 

do 

1 

1 

6, 3  high  and  3  low 

2 

2 

6, 3  high  and'3  low 

3 

5 


Drive. 


4. 

1. 


1. 
2. 
2. 
1. 


Directs. 

do.. 

Belted. 

do. 

Direct.. 
Belted. 

do. 

Direct.. 
Belted. 

do. 

Direct.. 

do.. 

/....do. 
tBelted. 

do.. 

Direct.. 
....do. 
do. 


do. 


Direct. 


Belted. 
Direct. 


a  Low  pressure. 


tHigh  pressure. 


*i*HHaaa« 
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used  at  various  compression  plants — Continued. 


Compressor. 

Rated 

speed 

(r.  p.  m.). 

- 

Description. 

Size  of  cylinder  (inches). 

Remarks. 

Low-pressure 
cylinder. 

High-pressure 
oymider. 

• 

, 

do. 

2-fitaee... 

164  by  16 

14byl4 

11  by  18 

16  by  16 

16  by  16 

11  by  18 

12  by  12 

12  by  12 

74  by  16 

.r^.:::::.::..... 

64  by  14 

SirifrlA-RtAcrA 

6byi8 

7byl6 

7byl6 

54  by  18 

6byl2 

6byl2 

180 
180 
180 
180 
180 
180 

2-staee 

.^!X:.:::. .::::::: 

Siiucle-stfiuse. 

2-stafire 

....  .do. 

1 

^insle-staeo 

11 J  by  18 

2<taKe 

Compresses  air   in  two  staees  to  85 

Sfn|rlAi.qta0P . 

114  by  18 

pounds. 

...!.do 

114  by  18 

2-stafiee 

12byl2 

26  by  30 

6  by  12 

Feather  valves  op  compressor. 
Corliss  valves  on  compressor. 

.r.^.:::::: 

13  by  30 

T**' 

c  Expansion  engine  operated  by  expanding  high-pressure,  treated  gas  through  it. 
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In  the  casing-head  gasoline  industry  the  gas  supply  from  a  gtven 
area  is  expected  to  decline  and  the  pressure  necessary  to  precipitate 
the  condensable  product  usually  becomes  lower  as  the  gas  becomes 
richer.  If  all  the  power  capacity  thus  relieved  from  duty  m  not  used 
to  increase  the  vacuums  held  on  the  lines,  it  is  obvious  that  to  remove 
one  unit  to  another  locality  would  be  desirable.  If  one  unit  ^ep^^ 
sented  half  the  total  plant  capacity,  it  would  be  necessary  to  wait 
until  the  available  supply  of  gas  had  been  reduced  50  per  cent  before 
that  unit  could  be  transferred,  but  if  that  imit  represented  only  20 
per  cent  of  the  plant  capacity  it  could  be  removed  when  the  gas  had 
fallen  oflF  that  amoxmt;  also  it  would  be  a  much  simpler  matter  to 
find  a  location  or  sale  for  a  machine  of  one-half  million  feet  capacitr 
than  for  a  machine  requiring  from  three  to  four  million  feet  per  day. 
Another  argument  for  machines  of  smaller  capacity  is  the  size  and 
weight  of  parts  which  under  the  usual  transportation  conditions  in 
oil  fields  is  a  serious  problem  in  plant  construction. 

Both  direct-connected  (PI.  XV)  and  belted  units  are  being  installed 
in  compression  plants  using  the  usual  smaller  units.  However,  many 
operators  of  wide  experience  prefer  the  belted  drive,  claiming  that  it 
simplifies  repairs  and  renewals  and  gives  a  wider  choice  both  of  engine 
and 'compressor.  The  belted  type  requires  larger  buildings,  because 
of  the  necessary  distance  between  pulley  centers,  which  the  writer 
found  to  vary  between  22  feet  for  vertical  engines  to  34  feet  for 
horizontal  types.  In  some  plants  two  buUdings  are  used,  one  con- 
taining the  engines  and  the  other  the  compressors,  with  belt  galleries 
connecting  the  two.  This  is  done  as  a  precaution  against  fire  and 
explosions. 

TYPES  OF  MACHINES  USED  AS  EXPANSION  UNITS. 

All  expansion  engines  used  in  compression  plants  are  machines 
originally  designed  to  use  steam  that  have  been  slightly  modified  to 
overcome  the  eflFects  of  the  low  temperatures  from  the  use  of  com- 
pressed gas  in  the  steam  or  power  cylinders.  Among  the  machines 
found  in  use  are  direct  driven  reciprocating  pumps,  drilling  engmes, 
and  simple  and  cross  compound  compre^ors.  Q(  these  the  recipro- 
cating pump  is  the  least  to  be  recommended.  The  valves  tend  to 
freeze  and  stick,  owing  to  the  general  design  and  slow  action,  and 
its  efficiency  as  a  power  imit  and  its  capacity  are  low. 

Of  the  machines  used  as  expansion  engines  the  converted  steam 
engine  of  the  single  or  double  stage  (simple  or  compound)  type  is 
more  often  foxmd  than  any  other  make.  On  these  engines,  remodeled 
for  the  expansion  of  high-pressure  gas,  the  valve  mechanism  has  been 
designed  especially  and  made  stronger  for  this  particular  service. 
The  exceedingly  low  temperatures  developed  in  the  cylinders  tend  t^ 
freeze  the  valves,  causing  excessive  strains  on  the  valve  stems  and 
rods,  and  also  make  lubrication  difficult. 
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Glycerin  has  universally  been  found  to  be  the  best  lubricant  for 
expansion  cylinders  and  was  in  general  use  until  the  recent  rise  in 
price,  and  the  difficulty  of  obtaining  a  reliable  supply  forced  plant 
operators  to  try  other  oils,  some  of  which  have  been  found  usable 
but  not  as  satisfactory  as  glycerin.  As  the  supply  of  that  lubricant 
increases  it  will  indoubtedly  again  be  generally  used. 

Other  types  of  steam  compressors  and,  in  several  plants,  drilling 
engines  belted  to  plimger  or  centrifugal  pumps,  are  in  use  as  expan- 
sion units,  and,  according  to  the  operators  using  them,  are  giving 
satisfaction  in  regard  to  both  capacity  and  temperatures.  The  loads 
of  the  drilling  engines  were  varied  to  meet  the  conditions  of  pressure 
and  volume  of  gas  by  throttling  the  flow  of  water  from  the  pump, 
thus  giving  the  required  resistance  for  the  development  of  power  at 
normal  engine  speeds.  The  valve  mechanism  of  the  drilling  engines 
was  rebuilt  and  strengthened  to  meet  these  conditions. 

At  one  plant  where  a  drilling  engine  gave  much  trouble  from  freez- 
ing the  piston  rings  were  removed  and  the  piston  dressed  to  a  square 
edge.  The  piston  in  this  condition  shaved  the  ice  from  the  cylinder 
walls,  thus  preventing  sticking  or  freezing.  No  lubricant  was  used 
in  the  cylinder,  the  film  of  ice  or  frost  on  its  walls  acting  as  a  lubricant, 
and  leakage  past  the  piston  after  the  film  had  formed  was  very  small. 
At  plant  3  an  engine  of  this  type  that  has  a  9  by  12  inch  cylinder, 
making  90  revolutions  per  minute  with  one-fourth  cut-off,  takes 
gas  at  130  poimds,  gas  at  250  poimds  being  throttled  to  that  pressure, 
and  exhausts  it  at  10  poimds.  The  engine  is  belted  to  a  three-plunger 
pump  throttled  to  a  back  pressure  of  160  poimds  in  order  to  increase 
the  load  on  the  engine.  The  water  pumped  is  used  in  the  cooling 
towers  and  in  the  engine  and  the  compressor  jackets. 

At  plant  16  the  expansion  engine,  accumulator  tanks,  and  storage 
tanks  are  all  housed  in  a  double-wall  insulated  building.  The 
advantage  claimed  is  that  the  condensate  is  held  at  a  low  temperature 
in  the  storage  and  other  tanks,  thus  preventing  loss  by  evaporation 
through  heating  before  blending.  The  condensate  precipitated  in 
the  coils  is  kept  from  sudden  and  extreme  rises  in  temperature,  as 
would  be  the  case  if  the  storage  tanks  were  not  cooled  or  shaded. 
The  temperature  in  the  building  and  of  the  condensate  in  storage  is 
thus  held  between  34°  and  50°  F. 

Expanding  the  compressed,  treated  gas  in  engines  to  develop 
power  for  driving  compressors  or  pumps  is  not  an  economy,  because 
of  the  small  amount  of  actual  power  deUvered,  the  care  necessary, 
and  the  cost  of  upkeep  and  lubrication,  such  engines  being  used  only 
because  the  coohng  effect  the  expanded  gas  has  in  the  treatment  of 
high-pressure  gas  in  double-pipe  coils  or  heat  interchangers. 

In  simple  expansion  engines  such  as  pimips,  driUing  engines,  or 
suigle-expansion  compressors  the  compressed  gas  before  entering  the 
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power  cylinder  is  often  reduced  by  a  throttle  valve  from  the  maxinnun 
pressure  used  in  the  plant  to  pressures  varying  between  120  and  160 
pounds,  depending  upon  the  design  and  size  of  the  machine  and  the 
pressures  for  which  it  was  built  and  under  which  it  gives  the  best 
results. 

Cross-compound  machines  usually  take  the  gas  at  the  maximum 
plant  pressure  and  reduce  the  pressure  in  the  first  expansion  to  30 
to  60.  poimds  (see  Table  5)  and  in  the  second  stage  to  between  5  and 
16  pounds.  Generally  the  gas  goes  from  the  firstnstage  expansion 
cylinder  to  a  drip  or  small  accumulator  tank,  then  directly  to  the 
low-stage  cylinder.  In  plant  6  (see  Table  4,  p.  41),  the  gas  from  the 
first-stage  expansion  is  led  through  a  set  of  double-pipe  coils  and 
heated  before  being  put  through  the  second  stage  of  expansion.  By 
this  system  both  the  power  developed  in  the  expansion  engine  and 
the  cooling  efficiency  of  the  expanded  gas  are  increased,  also  the 
danger  of  freezing  in  the  expansion  cylinders  is  less. 

C0MPBBS80B8. 

Direct-connected  compressor  units  are  usually  of  the  single-cylinder 
engine,  single-stage  type,  although  some  plants  in  the  eastern  and 
Mid-Continent  fields  are  using  direct-connected,  twin  2-«tage  ma- 
chines. Of  the  direct-connected  compressors  the  single-stage  unit, 
found  more  often  than  any  other  make,  as  shown  in  Tables  8  and  9, 
has  the  engine  and  compressor  cylinders  opposed,  or  on  the  opposite 
sides  of  the  fly  wheels. 

The  sizes  and  types  of  compressors  used  in  the  various  plants 
visited  by  the  writer  are  shown  in  Table  8  (p.  74),  which  conveys  an 
idea  of  the  great  variety  of  compressors  and  drives  used  in  such 
plants. 

AUZHJABY  MACHINES. 

In  all  natural-gas  gasoline  plants  small  engines  are  needed  to 
circulate  water  in  jackets,  towers,  and  ponds,  to  produce  electricitj 
for  light  and  piimp  air  to  start  gas  engines.  The  number,  situation, 
and  type  and  size  of  these  units  are  generally  matters  of  preference 
with  each  plant  operator  and  no  standard  has  been  followed. 

WATBB-CIBCXrLATINa  PXTliPS. 

Many  of  the  newest  plants  have  centrifugal  pimips  belted  to  a  pulley 
on  the  engine,  which  circulate  the  water  used  in  both  engine  and  com- 
pressor cylinder  jackets;  other  plants  use  a  line  shaft  with  pulleys 
belted  to  the  engines  and  to  the  centrifugal  pumps.  In  many  fields 
the  water  is  heavily  charged  with  mineral  salts,  and  the  water  used  in 
the  cylinder  jackets  is  often  distilled  or  condensed  and  kept  separate 
*rom  that  used  in  cooling  the  gas  coils.  This  is  often  done  by  cooling 
he  condensed  water  in  a  separate  tower  or  by  passing  it  through  coils 
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in  the  main  gas-cooling  tower  that  are  cooled  with  spray  in  the  same 
way  that  the  gas  coils  are  cooled.  In  the  latter  method  the  condensed 
water  is  pumped  from  the  coils  in  the  tower  through  the  jackets 
and  back  to  the  coils  in  a  closed  circuit.  Where  a  separate  tower 
is  used  the  condensed  warm  water  is  sprayed  in  the  tower,  collected 
in  the  basin  beneath  the  tower,  and  circulated  by  pumps  through 
the  jackets,  and  returned  to  the  top  of  the  tower  to  repeat  the 
cooling  and  aeration.  In  this  method  the  loss  of  condensed  water  in 
the  tower  is  so  great  that  it  is  not  to  be  recommended  unless  the  con- 
densed water  is  easily  made  or  obtainable  from  a  boiler  plant.  The 
cooling  effect  gained  is  better,  and  the  instWation  less  expensive,  if 
the  cost  of  condensed  water  is  not  an  object. 

For  circulating  the  "water  used  to  cool  the  gas,  usually  centrifugal 
or  plunger  pumps  driven  by  small  (6  to  10  horsepower)  gas  engines, 
or  belted  to  a  line  shaft,  are  installed. 

AIR  PUMPS. 

Air  pumps  for  compressing  air  in  receivers  to  start  the  main  gas 
engines  are  generally  single-cyhnder  pumps  or  compressors  belted  to 
gas  engines,  previously  mentioned,  or,  in  some  plants,  to  a  line  shaft 
driven  by  a  small  gas  engine.  The  receivers  are  built  to  stand  pres- 
sures up  to  250  poimds.  When  the  desired  pressure  is  built  up  in  the 
receiver,  the  air  pimip  is  shut  down  until  the  pressure  is  relieved  by 
use  in  starting  the  main  gas  engines,  or  by  leakage,  when  the  pump 
is  again  operated  until  the  required  pressure  is  obtained. 

LIGHTING  EQUIPMENT. 

The  necessity  of  using  strong,  reliable  inclosed  Hghts  around  com- 
pression machinery  and  the  danger  of  open  flames  in  plants  treating 
natural  gas  at  high  pressures  has  forced  operators  to  install  small 
electric  generators  as  part  of  the  equipment  of  gasoline  plants. 

The  electric  plant  is  always  housed  in  a  building  separate  from  the 
compressors,  and  usually  in  the  building  with  the  air  and  water  pumps. 
The  unit  consists  of  a  gas  engine  belted  to  a  dynamo  of  a  size  and 
capacity  suitable  to  the  lighting  needs  of  the  plant,  and  is  operated 
only  at  night.  In  large  gas-pumping  stations  storage  batteries  are 
Used  both  for  hght  and  for  engine  ignition,  in  place  of  direct  con- 
nections. 

GASOLINE  PUMPS. 

Plants  situated  some  distance  from  the  shipping  point  or  blending 
station  often  require  pumps  to  force  the  gasoline  through  the  pipe 
^es  to  such  stations. 

The  product  is  often  blown  from  one  tank  to  another  by  turning 
uigh-pressure  gas  into  the  tank  containing  the  product,  but  where  the 
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distance  is  great  this  method  is  not  always  satisfactory,  and  pumps  of 
either  rotary  or  reciprocating  type  are  installed,  usually  being  oper- 
ated by  lielt  connections  to  small  gas  engines.  It  is  claimed  for  the 
rotary  pumps  that  condensate  losses  are  smaller  than  from  the  use  of 
other  types,  because  the  agitation  is  less  and  the  flow  more  steady  and 
quiet  through  the  pump  and  into  the  Uhes. 

BLENDING  AND  SHIPPING  THE  CONDENSATE. 

Although  blending  of  compression-plant  condensates  is  not  done 
primarily  for  the  purpose  of  making  a  product  that  will  meet  the 
specifications  required  by  transportation  laws  governing  the  ship- 
ment of  gasoUne  by  rail  or  water,  blending  and  shipping  have  become 
such  important  functions,  one  of  the  other,  that  a  separate  discussion 
of  the  blending  process  and  the  transportation  of  the  blended  stock  is 
not  desirable. 

BEA80N8  FOB  BLENDING. 

When  the  condensate  produced  by  compression  is  allowed  to 
weather  unblended  until  its  vapor  tension  is  reduced  to  less  than  10 
pounds  at  100°  F.  and  its  temperature  rises  to  atmospheric,  losses 
ranging  up  to  75  per  cent  of  the  total  product  often  result,  whereas 
if  the  condensate  is  mixed  (blended)  with  heavier  straight  still-run 
refinery  distillates  the  losses  from  weathering  are  reduced,  usually  to 
one-half  that  amount,  and  often  more.  This  fact  has  led  condensate 
producers  to  take  advantage  of  blending  to  increase  the  volume  of  the 
product  actually  marketed,  thus  increasing  their  profits  and  also  the 
supply  of  marketable  motor  fuels  so  desirable  under  present  condi- 
tions. The  development  in  gasoline  motors  up  to  the  present  time 
has  not  reached  a  stage  that  would  make  the  heavier  still  distillates, 
such  as  are  used  for  blending,  a  convenient  or  economical  fuel  if  used 
as  made,  because  of  the  difficulty  in  starting  the  motor  with  such 
fuel  and  its  tendency  to  deposit  carbon  in  the  cylinders  and  on  the 
pistons  from  incomplete  combustion,  causing  ''engine  trouble." 

Condensate  produced  by  compression  is  also  an  undesirable  fuel  for 
gasoline  engines.  It  is  exceedingly  volatile,  which  causes  losses  in 
handling,  is  dangerous  because  fumes  are  easily  formed,  and  gives  less 
power  as  compared  with  equal  volumes  of  heavier  distillates,  a  larger 
number  of  gallons  being  required  to  develop  the  same  power.  It 
gives  a  quick,  sharp  explosion  in  a  motor  cylinder,  but  seems  to  lack 
*'push"  after  the  explosion  has  taken  place.  In  the  above  qualities 
it  is  in  no  way  different  from  still-run  products  of  similar  gravity 
and  similar  end  points,  both  products  needing  additions  of  less 
volatile,  heavier,  and  more  powerful  fractions  in  order  to  form  the 
most  convenient  and  economical  motor  fuel. 

The  lighter  fractions  of  petroleum  distillates,  as  compared  \irith 
the  heavier  products,  have  a  lower  calorific  value  per  gallon  but  ft 
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higher  calorific  value  per  pound.  As  all  products  of  petroleum  are 
sold  in  the  United  States  by  volume  or  liquid  measure,  the  standards 
for  comparison  must  be  made  on  the  heat  units  per  volume  and  not 
per  weight. 

As  previously  stated,  another  important  factor  in  blending  is 
transportation.  The  Interstate  Commerce  Commission  rules. con- 
trolling shipments  of  petroleum  products  and  liquefied  natural  gas 
allow  transportation  of  petroleum  distillates  having  vapor  tensions  of 
less  than  10  pounds  per  square  inch  in  standard  tank  cars,  and  prod- 
ucts with  vapor  tensions  of  15  pounds  per  square  inch  in  specially 
built  insulated  tanks.  As  many  plants  produce  condensate  that  has  a 
vapor  tension  of  30  or  more  pounds  as  it  comes  from  the  accumu- 
lator tanks,  blending  and  weathering  are  both  resorted  to  by  most 
manufactiu'ers  in  order  Ibo  bring  the  product  within  shipping  rules, 
to  increase  the  quantity,  and  to  improve  the  quality  of  the  product. 

MABKETING  T7NBLENDED  CONDENSATE. 

A  small  quantity  of  natural-gas  gasoUne  finds  its  way  to  consumers 
imblended.  It  is  sold  as  ''gas-machine  gasoline/'  a  product  with  a 
gravity  of  80°  to  86°  B.,  used  to  make  gas  for  certain  domestic, 
commercial,  and  chemical  purposes,  and  as  ''export  gasoline,"  a 
product  with  a  gravity  of  74°  to  80°  B.  and  of  4  to  6  poimds  vapor 
tension^  which  is  usually  sold  in  containers  to  foreign  trade. 

The  great  bulk  of  condensate,  however,  is  blended  in  one  way  or 
another  before  it  reaches  the  consumer,  but  not  always  completely 
blended  at  the  plant  where  it  is  made,  or  by  the  producer. 

In  many  eastern  fields  the  condensate  is  held  in  storage  imder 
pressure  until  a  given  quantity  is  ready  for  shipment,  when  it  is 
forced  by  gas  pressxu*e  or  pumps  through  small  (2-inch)  pipe  lines  to 
the  tanks  of  firms  making  a  specialty  of  blending  and  marketing 
motor  fuels,  and  having  blending  stations  centrally  situated  among 
the  compression  plants  from  which  they  receive  condensate.  Prod- 
ucts having  a  gravity  as  high  as  84°  B.  are  shipped  in  this  way  to 
blending  companies. 

SHIPPING   BY   AUTO   TRUCK. 

Another  method  of  shipment,  used  mostly  in  California  and 
northern  Pennsylvania,  is  by  tanks  moimted  on  auto  truck.  Two 
plants  shipping  condensate  of  80°  to  83°  B.  gravity  in  this  way  are 
situated  30  miles  from  the  blending  stations  of  the  buying  companies. 
These  are  unusual  examples,  but  a  number  of  plants  ship  their  prod- 
uct 6  to  10  miles  in  tanks  of  this  character.  Generally  the  tank  is 
kept  under  a  pressure  of  10  to  20  poimds  in  order  to  reduce  losses 
of  the  light  condensates  from  agitation  and  heating  during  trans- 
portation. 
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TRANSPORTING  CONDENSATE   IN   CRUDE  OIL. 

Certain  large  producing  and  refining  companies  in  California  which 
buy  or  produce  casing-head  gasoline  gage  the  product  in  the  storage 
tanks  at  the  compression  plants  for  settlement,  and  have  the  con- 
densate pumped  directly  into  their  crude  oil  storage  or  pipe  lines 
leading  to  their  refineries.  They  not  only  recover  the  gasoline  when 
the  crude  oil  is  refined,  but  take  advantage  of  the  fact  that  the  con- 
densate ''cuts''  the  crude,  making  it  flow  through  the  lines  more 
easily.  The  extremely  light  fractions  that  are  thus  injected  into 
the  crude  oil,  and  will  not  condense  in  the  usual  refinery  condenser 
boxes,  can  be  and  are  in  many  refineries  compressed  and  cooled  as 
in  compression  plants.  This  product  is  immediately  blended  at  the 
refinery  and  thus  held  and  sold. 

As  previously  mentioned,  a  company  in  the  Mid-Continent  field 
produces  only  such  condensates  as  can  be  shipped  in  tank  cars. 
This  is  done  by  regulating  the  pressures  and  the  temperatures  used 
in  the  compression  plant,  so  that  only  such  condensate  as  can  be 
shipped  unblended  will  be  precipitated. 

A  plant  in  CaUfomia  and  some  plants  in  other  fields  reduce  the 
imblended  condensate  to  conform  with  the  shipping  rules  by  weather- 
ing, because  of  the  cost  of  shipping  in  blending  naphtha.  The  con- 
densate is  exposed  in  storage  tanks  to  atmospheric  temperature  and 
pressure  until  the  vapor  tension  is  reduced  to  the  desired  point,  and 
then  shipped  in  insulated  cars.  At  times  wanning  with  steam  is 
resorted  to  if  the  atmospheric  conditions  do  not  bring  about  the 
proper  results.  The  use  of  steam  is  not  to  be  recommended,  however, 
except  when  absolutely  necessary,  because  of  the  loss  of  some  of  the 
heavier  fractions  with  the  Ughter  ones. 

METHODS  OF  BLENDING. 

Blending  condensate  with  the  various  distillates  used  for  that  pur- 
pose, as  practiced  at  present,  is  done  at  times  in  stages,  and  at  many 
different  points  in  the  precipitation,  storage,  or  transportation  of  the 
product. 

The  product  of  plants  that  ship  their  condensate  without  being 
blended  usually  goes  to  refineries  or  blending  stations  belonging  to 
purchasers  of  this  type  of  product,  who  blend  the  condensate  before 
sending  it  to  the  retail  markets.  One  blending  company  in  West 
Virginia  buys  condensate,  pumps  it  to  the  plant  in  pipe  lines,  stores  it 
in  closed  tanks  until  needed,  then  blends  it  with  naphtha  in  the  fol- 
lowing manner: 

A  tank  car  of  naphtha  is  one-half  unloaded,  usually  into  an  empty 
tank  car,  and  then  condensate  is  slowly  pumped  in  through  a  valv.e 
*n  the  bottom  until  the  tank  is  filled.    The  condensate  rises  through 
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the  naphtha  and  sli^tly  agitates  it,  and  in  this  way  becomes  absorbed 
and  blended  with  the  naphtha.  At  times  the  operation  is  reversed, 
a  tank  car  being  half  filled  with  condensate  and  the  naphtha  pumped 
in  from  above.  No  further  treatment  is  used,  the  car  being  shipped 
as  soon  as  filled.  The  agitation  during  shipment  tends  to  complete 
blending  if  such  is  necessary. 

Blending  practice  at  some  refineries  and  casing-head  gasoline  plants 
is  practically  the  same  as  described  above  except  that  stationary  tanks 
are  used  in  place  of  tanks  on  cars.  At  other  blending  plants  a  pump 
is  used  in  blending,  its  suction  being  connected  with  two  tanks,  one 
of  blending  stock  and  the  other  of  condensate.  The  flow  of  each  is 
regulated  in  the  pipe  Une  by  valves,  the  dischai^e  of  the  pump  going 
to  a  storage  tank.  From  time  to  time  the  mixture  in  the  storage 
tank  is  tested  for  gravity,  if  the  blend  is  too  Ught  or  too  heavy  the 
flow  of  either  naphtha  or  condensate  is  adjusted  to  give  the  desired 
mixture. 

At  some  plants  methods  of  blending  are  more  compUcated.  The 
procedure  used  by  one  company  receiving  its  condensate  by  auto 
truck  is  as  follows:  A  given  quantity  of  Calif omia  distillate  with  a 
gravity  of  63®  to  55®  B.  is  placed  in  a  cone-bottom  blending  tank, 
where  it  is  washed  with  acid  solution,  caustic  solution,  and  water; 
after  this  treatment  condensate  with  a  gravity  of  72°  to  82®  B.  is 
forced  into  the  tank  from  the  bottom.  Air  is  then  blown  through  the 
mixture  to  agitate  it  and  remove  the  lightest  fractions  of  condensate 
and  dissolved  gases.  The  mixture  is  tested  for  specific  gravity, 
after  which  enough  still-run  California  gasoUne  with  a  gravity  of 
58®  B.  is  added  to  bring  the  whole  to  a  gravity  of  60®  B.  The  blended 
gasohne  produced  by  the  above  method  and  ingredients  is  sweet, 
wat«p  white,  and  has  the  following  characteristics:  5.9  per  cent 
distills  over  up  to  140®  F.,  the  distillate  having  a  gravity  of  79.9®  B.; 
70  per  cent  distills  over  up  to  246®  F. ;  and  30  per  cent  distills  over 
between  246®  and  344®  F. 

Distilling  this  blended  product  in  5  per  cent  cuts  shows  it  to  be. an 
exceptionally  good  motor  fuel  with  none  of  the  usual  fractions 
missing. 

While  holding  condensate  in  storage  some  blending  companies  and 
refineries,  as  well  as  compression-plant  operators,  keep  the  tanks  con- 
taining such  stock  under  pressure  and  often  the  tanks  are  insulated  or 
housed  and  shaded  in  order  to  reduce  evaporation  by  the  sun  and 
the  atmosphere,  one  company  having  gone  to  the  expense  of  building 
a  louver  tower  over  the  tanks  and  keeping  small  sprays  of  water 
constantly  covering  them.  The  tanks,  which  are  held  under  pres- 
sures of  10  to  20  pounds,  are  set  in  a  concrete  or  wooden  basin.  The 
water  collects  in  this  basin,  thence  it  is  again  circulated  over  the  tanks 
by  pumps.     No  outside  cooling  of  the  water  is  resorted  to,   the 
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evaporation  from  falling  through  the  tower  and  over  the  tanks  being 
sufficient  to  keep  the  water  at  a  temperature  considerably  below  that 
of  the  atmosphere,  also  any  volatilization  of  the  condensate  itself 
tends  to  cool  the  liquid. 

Where  blending  is  done  by  refining  or  blending  companies,  as 
has  been  described,  the  operation  is  complete  and  the  blended  product 
is  ready  for  market.  The  blended  gasoline  made  in  the  Eastern 
fields  has  a  gravity  of  between  65*^  and  70°  B.,  and  that  made  in 
California  between  58*^  and  63°  B.  The  difference  in  gravity  is  due 
to  differences  in  the  character  of  the  crude  oik  from  whicli  the  con- 
densate and  the  blending  stocks  were  made;  this  variation  is  dis- 
cussed in  later  paragraphs.  The  blending  is  usually  done  so  as  to 
bring  the  product  to  a  given  gravity  by  the  mixture  of  the  two 
ingredients,  whereas  the  final  end  point  is  determined  by,  and  is 
the  same,  as  the  end  point  of  the  naphtha  used.  Although  the 
proportions  vary  under  these  conditions,  the  proportions  to  be  mixed 
to  make  a  product  of  a  given  gravity  can  be  approximately  calcu- 
lated from  the  gravity  and  the  end  points  of  the  two  liquids. 

The  methods  of  disposal  of  condensate  mentioned  are  f  oimd  mostly 
in  California  and  some  eastern  districts;  with  few  exceptions  the 
practice  in  the  Mid-Continent  field  is  to  blend  either  at  the  compres- 
sion plant  or  at  the  loading  station  operated  in  conjimction  with  the 
plant. 

BLENDINO  BY  PLANT  OPERATORS. 

When  the  blending  is  done  by  the  operator  of  the  compression 
plant,  one  of  the  following  methods  is  generally  adopted:  (1)  Blend- 
ing all  of  the  condensate  at  the  blending  station  or  loading  racks; 
(2)  blending  to  a  given  stage  at  the  plant,  and  transferring  the 
partly  blended  product  to  the  loading  racks  and  either  finishing  the 
blending  there  or  shipping  it  to  some  point  at  which  naphtha  is 
cheaper  or  more  readily  obtained;  and  (3)  completing  the  entire 
operation  at  the  plant. 

BLENDING  AT  THB   LOADING  RAOKS. 

Many  of  the  companies  controlling  two  or  more  compression 
plants,  situated  in  the  same  field  and  tributary  to  the  same  shipping 
point  on  a  railroad,  have  adopted  the  method  of  blending  the  products 
from  all  their  plants  at  a  central  station.  A  centrally  situated  loading 
station  with  racks  and  tanks  (see  Plate  XII,  JL,  p.  52),  is  necessary  in 
any  event  for  storing  and  loading  the  plant  products  and  unloading 
and  storing  the  blending  stocks,  so  that  the  stations  can  be  abo 
fitted  for  blending  practically  without  additional  cost  of  labor  and 
small  increases  in  tankage. 

In  stations  used  in  this  way,  the  usual  eqmpment  consists  of  tanks 
of  any  desired  capacity  for  the  storage  of  naphtha,  other  tanks  for 
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the  storage  of  condensate,  and  tanks  for  the  hlended  stock  and  from 
which  the  marketable  product  is  transferred  to  tank  cars  for  ship- 
ment. 

The  plant  condensate  is  pumped  or  forced  by  its  own  pressure 
through  small  pipe  lines  into  the  condensate  storage  tanks,  and  the 
naphtha  from  tank  cars  is  pumped  into  the  naphtha  tanks.     From 
the  naphtha  storage  tank  a  given  quantity  of  naphtha  is  first  pumped 
into  the  blending  tank,  then  condensate  is  forced  into  the  blending 
tank  at  the  bottom,  being  allowed  to  rise  through  and  be  thoroughly 
absorbed  by  the  heavier  naphtha.     When  the  predetermined  quantity 
of  each  stock  has  been  mixed  in  the  blending  tank,  samples  are 
tested  for  gravity,  and  if  any  change  in  gravity  is  desired  more  of 
the  heavy  or  light  stock  is  added,  as  the  tests  indicate  to  be  neces- 
sary.    The  blended  gasoline  is  next  tested  for  vapor  tension,  and,  if 
if  it  found  to  be  too  high  for  shipment  in  the  cars  used  (standard  or 
msulated  tanks),  the  tank  is  allowed  to  stand  open  to  the  atmosphere 
for  several  homs,  or  even  days,  if  necessary.     In  some  plants  it 
has  been  found  necessary  to  heat  the  blended  products  to  80°  to  90° 
F.  with  steam,  in  order  to  reduce  the  vapor  tension  to  the  required 
point  in  a  limited  time,  so  that  the  blending  could  continue  without 
the  installation  of  an  excessive  amount  of  tankage.     Heating  with 
steam  should  not  be  resorted  to  if  avoidable,  as  a  quick  rise  in  tempera- 
ture drives  the  hghter  condensates  off  rapidly,  carrying  with  them 
portions  of  the  heavier  and  less  volatile  fractions.     When  the  specific 
gravity  and  the  vapor  tension  have  been  brought  to  a  point  within 
the.  regulations  governing  shipments  of  gasoline,  the  contents  of  the 
blending  tank  are  either  drawn  off  into  cars  for  immediate  shipment 
or  pumped  into  a  storage  tank. 

The  blending  method  used  at  the  majority  of  such  stations  usually 
consists  merely  of  mixing  calculated  quantities  of  the  different 
stocks  to  be  disposed  of  and  reducing  the  vapor  tension  of  the  mix- 
ture by  open  contact  with  the  air  or  by  shght  warming  with  steam 
coUs,  placed  in  the  blending  tank. 

The  advantages  of  blending  at  loading  and  storage  stations  are 
that  the  productions  of  a  number  of  plants  can  be  handled,  close 
connection  with  railroad  service,  and  the  low  cost  of  handling  both 
the  naphtha  and  the  blended  stock.  At  times  the  tank  cars  are 
used  as  blending  tanks,  as  described  in  a  previous  paragraph. 

PARTIAL  BLENDING  AT   PLANT. 

Some  operators,  because  of  the  plant  being  in  a  place  where  it  is 
difficult  or  costs  too  much  to  bring  in  large  quantities  of  naphtha, 
or,  more  often,  because  the  company  controls  a  refinery  and  desires 
to  refine  the  gasoline  by  further  treatment,  such  as  distilling,  have 
adopted  the  practice  of  blending  only  so  far  as  is  necessary  for  ship- 
inent  at  the  compression  plant  or  blending  station,  the  final  blending 
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and  treatment  being  given  at  the  refineries  or  points  where  the 
desired  quantities  and  qualities  of  distillates  may  more  readily  be 
obtained.  Some  operators  blend  partly  at  the  plants  and  finish  ilifi 
operation  at  the  blending  station  or  loading  racks  as  described 
above,  thus  saving  the  costs  of  handling,  of  pipe  line,  and  of  the 
pumping  capacity  necessary  to  transfer  all  of  the  heavy  blending 
stock  to  the  plant  and  back  to  the  loading  station. 

When  the  blending  is  completed  at  the  blending  station,  it  is  done 
in  the  way  described,  except  that  smaller  proportions  of  heavy  naphtiia 
are  added,  because  some  heavy  naphtha  has  been  previously  added 
to  the  condensate  at  the  plant. 

PLANT  BLENDING  METHODS. 

Plants  at  which  blending  is  entirely  or  partly  completed  have 
developed  methods  and  practices  quite  different  from  the  usual  way 
of  mixing  the  two  constituents  in  a  blending  tank.  Many  plants  still 
blend  the  condensate  and  the  naphtha  in  storage  or  blending  tanks, 
using  the  methods  previously  described  above,  but  a  tendency  has 
developed  for  blending  at  much  earher  stages  of  the  process. 

BLENDING  IN    "MAKE  TANKS.'* 

The  first  step  in  this  development  was  when  certain  operators 
pumped  blending  naphtha  into  the  tanks  known  as  ''make  tanks''  (see 
PI.  IV,  0,  p.  26,  and  XII,  C,  p.  52),  which  receive  the  condensate  from 
the  accimiulator  tanks,  and  in  which  the  total  make  of  one  day  or  shift 
was  measured  before  being  transferred  to  storage.  The  method  as 
now  used  is  to  pump  naphtha  into  the  tank  at  such  a  rate  that -the 
percentage  in  the  mixtiu'e  would  be  somewhat  below  that  desired 
in  the  final  blend,  or  to  place  a  given  quantity  of  naphtha  in  the 
make  tank  and  discharge  condensate  from  the  accumulators  into  the 
naphtha.  In  transferring  condensate  from  the  accumulator  tank 
to  the  make  tank,  the  sudden  release  of  pressure  causes  violent 
weathering  or  boihng,  owing  to  the  high  vapor  tension.  By  adding 
heavier  blending  stocks  at  this  point  the  vapor  tension  is  lowered, 
with  consequent  lessening  of  losses  from  the  hght  condensate  and 
dissolved  gas  weathering  rapidly  and  carrying  off  with  them  part  of 
the  heavier  fractions. 

The  product  of  this  blend  is  gaged  in  the  make  tank,  the  quantity 
of  naphtha  deducted,  and  the  actual  plant  production  calculated. 
At  the  end  of  each  day  or  shift  the  mixtiu'e  is  transferred  to  storage 
tanks  and  the  blend  completed  or  shipped  to  another  point  for 
blending  as  described  above. 

BLENDING  IN  ACCUMITLATOB  TANKS. 

Blending  in  accumulator  tanks,  as  found  in  practice  by  the  writer, 
consists  of  pumping  naphtha  slowly  and  continually  into  the  tanks, 
connected  with  the  high-pressure  coils,  at  a  pressure  a  few  pounds  in 
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excess  of  that  at  which  the  gas  is  being  treated.  The  naphtha  is 
injected  into  the  tank  through  small  (i-inch)  pipes  at  a  point  near 
the  top  and  through  fittings  which  cause  a  spray,  the  theory  being 
that  the  spray  will  collect  fine  particles  of  condensate  in  falling 
through  the  gas  and  reduce  the  gravity  and  the  vapor  tension  of  the 
product  before  it  is  released  from  the  high  pressiu'e  at  which  it  is 
precipitated  and  thus  reduce  losses  of  condensate. 
'  Operators  using  this  method  claim  it  produces  a  marked  increase 
in  plant  production,  one  in  particular  claiming  a  net  increase  of  10 
per  cent.  The  mixtiu'e  is  drained  from  the  accumulator  tank  as  in 
other  practice,  either  automatically  or  by  hand,  as  the  custom  of  the 
plant  may  be,  the  quantities  being  figured  as  previously  described 
to  determine  the  plant  production. 

HOT  BLENDING. 

When  naphtha  is  injected  into  the  high-pressure  gas  while  it  is 
in  the  coils,  or  before  it  has  reached  the  coils,  and  is  still  hot  from 
compression,  the  method  is  called  *'hot  blending.'' 

This  method  has  been  adopted  at  some  plants  where  the  gas  treated 
contains  large  proportions  of  the  exceedingly  fight  fractions  and  the 
condensate  had  shown  extreme  losses  in  storage  and  during  weather- 
ing and  blending  by  other  methods.  A  Pennsylvania  operator  pro- 
ducing condensate  with  a  gravity  of  92°  to  95°  B.  claims  a  net  gain 
of  15  per  cent  in  marketed  condensate  from  the  use  of  this  method, 
and  one  in  Oklahoma,  approximately  30  per  cent. 

Hot  blending  has  been  tried  out  at  two  California  plants,  in  different 
fields,  to  the  writer's  knowledge  and  no  advantage  gained.  The 
plants  produce  condensate  with  a  gravity  of  82°  to  86°  B.,  using 
pressures  between  200  and  250  pounds. 

One  eastern  plant,  which  compressed  the  gas  to  300  pounds  pres- 
sure, injects  naphtha  through  a  needle  valve  placed  in  the  high- 
pressure  water-cooled  coil  header  at  the  intake  (hot)  end  of  the  coil. 
The  naphtha  is  pumped  through  the  valve  at  a  pressure  of  400 
pounds  per  square  inch,  which  causes  it  to  spray  or  atomize  in  the 
header  and  intimately  mix  with  the  hot  gas  as  the  gas  divides  into 
the  coil  pipes  leading  out  of  the  header.  The  first  few  (10  to  15) 
feet  of  this  coil  is  kept  dry  to  permit  the  hot  gas  to  vaporize  as  much 
of  the  naphtha  as  possible  before  the  gas  and  the  naphtha  are  cooled 
hy  the  water  sprayed  over  the  rest  of  the  coil. 

What  happens  to  the  injected  naphtha  is  not  definitely  known, 
but  it  appears  that  the  naphtha  is  divided  into  three  parts.  One 
part  is  volatilized  by  the  heat  of  the  high-pressure  gas  (190°  F.  on 
the  day  of  the  writer's  visit),  carried  with  the  gas  into  the  water- 
cooled  coils,  and  again  condensed,  thence  it  is  carried  to  the  accumu- 
lator tank  with  other  condensate.  A  second  part  of  the  atomized 
Naphtha  is  probably  carried  mechanically  into  the  upper  pipes  of 
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the  coil  by  the  flow  of  gas,  where  it  settles  out,  owing  to  the  slower 
rate  of  flow,  and  carries  with  it  other  condensable  vapors.  The  third 
part,  which  is  neither  vaporized  nor  carried  mechanically  into  the 
upper  members  of  the  coil,  goes  to  the  bottom  of  the  header  and  flows 
with  the  gas  through  the  bottom  pipe  and  blends  with  the  conden- 
sate and  naphtha  in  the  discharge  header,  while  still  under  maximmn 
pressure.  The  mixture  then  flows  to  the  accumulator  tank  and  thence 
is  trapped  into  storage  tanks. 

The  quantity  of  naphtha  injected  into  the  header  is  calculated  to 
be  somewhat  less  than  is  needed  to  bring  the  mixture  to  the  gravity 
desired,  the  balance  being  added,  in  this  plant,  to  the  partly  blended 
stock  in  the  make  tank,  which  is  also  held  under  pressure.  Another 
feature  of  the  practice  at  this  plant  is  that  the  pressure  on  the  blended 
stock  is  reduced  slowly  to  avoid  violent  boiling  or  weathering.  This 
is  accomplished  by  holding  a  pressure  of  50  or  60  poimds  on  the 
make  tank  while  the  output  of  the  plant  is  being  transferred  to  it 
during  a  day  or  shift.  At  the  end  of  that  period  another  tank  is 
put  into  service  and  the  pressure  on  the  tank  containing  the  day's 
"make''  is  slowly  relieved,  while  the  stock  gradually  acquires  approxi- 
mately the  temperature  of  the  atmosphere.  At  this  point  the  blend 
is  transferred  to  storage  tanks  or  placed  in  tank  cars  for  shipment. 
For  each  100  gallons  of  condensate  produced  77  gallons  of  naphthi 
is  pumped  into  the  coils,  which  lowers  the  gravity  of  the  condensate 
from  QO""  to  96''  B.  to  between  70''  and  76°  B.;  later,  in  the  "make" 
tank,  enough  eastern  naphtha,  with  a  gravity  of  58°  to  60°  B.,  or 
California  distillate,  with  a  gravity  of  48°  B.,  is  added  to  form  a  blend 
of  the  desired  quality. 

At  another  plant  a  practice  sunilar  to  the  one  just  described  was 
adopted,  except  that  the  naphtha  was  injected  into  the  hot^as  line 
at  a  point  just  beyond  the  oil  separator  and  40  or  50  feet  ahead  of 
the  coils,  the  naphtha  thus  traveling  with  the  gas  through  the  coils 
and  on  to  the  accmnidator  tanks.  This  plant,  although  making  9 
gallons  of  condensate  per  thousand  feet  of  gas  treated,  as  measured 
in  the  accmnulator  tanks,  had  by  the  old  method  of  blending  been 
able  to  market  only  2.5  gallons.  By  the  adoption  of  hot  blending 
it  was  able  to  market  3.7  gallons  from  each  thousand  feet  of  gas 
treated.  The  loss,  however,  is  still  extremely  high,  and  it  is  probable 
that  an  entire  readjustment  of  pressures  and  temperatures  through- 
out the  plant  would  show  better  returns  and  smaller  losses. 

POSSIBLE  IMPROVEMENTS  IN  BLENDING  METHODS. 

No  set  of  rules  can  be  given  or  standard  methods  of  blendin? 
described  that  would  even  approximately  cover  all  conditions,  but 
there  are  methods  and  practices  that  if  adopted  by  individual  plants 
would  have  marked  advantages  and  show  a  decided  saving  of 
condensate. 
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The  problems  of  each  plant  must  necessarily  be  taken  up  sepa- 
rately and  a  study  made  of  the  properties  and  characteristics  of  the 
condensate  formed,  such  as  the  gravity,  the  vapor  tension,  and 
the  proportions  of  the  different  '* cuts'*  and  the  hydrocarbons 
they  contain.  That  these  vary  widely  is  shown  by  the  different 
pressures  and  temperatures  necessary  to  precipitate  the  condensates^ 
also  by  the  vapor  tensions  or  wildness  of  different  plant  products. 
The  point  at  which  blending  is  done  should  be  given  attention,  to 
find  whether  the  best  results  are  obtaiaed  by  blending  in  storage 
tanks,  in  make  tanks,  in  accumulator  tanks,  or  in  coils,  also  the 
effects  of  release  of  pressure  and  rise  in  temperature  should  be  studied 
to  find  whether  sudden  lowering  of  pressure  and  rise  in  temperature 
does  not  cause  undue  losses.  Blended  products  are  at  many  plants 
placed  in  storage  tanks  which  are  not  protected  from  the  sun  and  a 
quick  rise  in  temperature  is  to  be  expected.  The  color  an  exposed 
tank  is  painted,  has  a  direct  bearing  on  the  amount  of  heat  absorbed 
from  the  sun's  rays  and  taken  up  by  the  contents.  Releasing  the 
pressure  on  the  condensate  slowly,  or  holding  it  under  a  low  pressure 
and  storing  it  in  insulated  tanks  has,  at  a  number  of  plants,  been 
found  to  decrease  losses. 

Refining  companies  have  found  that  storing  the  lighter  distillates 
in  tanks  with  the  water-sealed  top,  painted  glossy  white,  show  re- 
duced losses  well  worth  the  expense  of  construction  and  operation  of 
this  system  of  storage. 

LOSSES  OF  CONDENSATE  IN  WEATHERING  AND  SHIPPING. 

Plant  operators,  in  reporting  losses  of  condensate,  often  use  as  a 
basis  the  total  amount  of  condensate  collected  and  measured  in  the 
accumulator  tanks  before  blending,  and  while  stDl  under  pressure, 
which  is  obviously  the  wrong  place  to  make  such  an  estimate,  because 
such  measurement  is  taken  during  treatment  and  not  at  the  final 
stage  of  production.  The  condensate  in  the  accumulator  tank, 
because  of  the  temperature  and  pressure,  contains  some  dissolved 
gas  and  fractions  of  the  hydrocarbon  group  which  it  is  impossible  to 
hold  under  normal  atmospheric  conditions,  and  which  should  not  be 
counted  as  loss  when  computing  the  plant  production. 

The  writer,  in  order  to  form  an  accurate  idea  of  the  losses  at  dif- 
ferent plants,  and  as  far  as  possible  to  use  the  same  basis  in  estimat- 
ing these  losses,  has  obtained  from  the  plants  Usted  the  quantity  of 
condensate  actually  stored  in  tanks,  either  blended  or  unblended  as 
the  practice  indicated.  With  this  quantity  as  a  basis  estimates  of 
the  losses  in  further  operations,  such  as  weathering,  pumping  to  load- 
ing stations,  loading  in  cars  and  sliipping,  are  computed. 

In  Table  2  (p.  29),  the  column  headed  '^  Daily  production,  gallons," 
represents  the  number  of  gallons  that  were  actually  marketed  by  the 
different  plants  Hsted,  as  nearly  as  these  figures  could  be  arrived  at, 
and  is  net  production  after  all  losses  are  deducted. 
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CALIFORNLA   PRACTICE. 

California  plants,  in  general,  trap  or  blow  the  product  of  the  accu- 
mulator tanks  directly  into  storage  tanks  without  blending  and  meas- 
ure the  make  in  the  storage  tanks.  As  these  tanks  are  seldom  held 
imder  pressures  greater  than  5  to  15  poimds,  weathering  goes  on  con- 
tinually and  causes  an  imknown  loss,  only  the  weathered  product 
being  measured. 

At 'plants  where  the  raw  condensate  is  pumped  from  the  storage 
tanks  into  the  crude  oil  storage  tanks  of  purchasing  companies, 
under  this  method  of  calculating  losses  the  results  show  no  loss  ex- 
cept that  due  to  weathering  while  the  condensate  is  being  held  in 
plant  storage,  the  product  being  sold  on  the  gage  readings  taken  in 
the  storage  tank  at  the  compression  plant. 

Companies  shipping  raw  condensate  in  automobile  trucks  distances 
of  2  to  40  miles  report  losses  in  loading,  transportation,  and  xmload- 
ing  of  2  to  7  per  cent.  Those  delivering  their  product  through  pipe 
lines  1  to  40  mUes  long  report  losses  of  1  to  6  per  cent,  depending  on 
the  length  of  the  lines,  the  amount  of  leakage  from  them,  and  the 
pressure  necessary  to  force  the  liquid  through. 

EASTERN   PRACTICE. 

Many  plants  in  the  eastern  fields  ship  raw  condensate  by  pipe  line 
and  trucks,  as  in  California  practice,  with  losses  the  same  or  slightly 
greater  in  amount  than  those  quoted,  owing  to  the  raw  products 
having  higher  gravities  and  vapor  tensions.  One  large  oil  company 
has  recently  laid  pipe  lines  to  a  number  of  the  fields  in  northern  and 
western  Pennsylvania  for  the  purpose  of  collecting  the  raw  condensate 
produced  in  those  fields  and  which  was  formerly  hauled  to  market  in 
trucks.  WeU-constnicted  pipe  lines  will  undoubtedly  minimize  losses 
from  handling  condensate  produced  in  this  district. 

OKLAHOMA    PRACTICE. 

Casing-head  gasoUne  producers  in  Oklahoma  estimate  the  total 
loss  as  varying  between  10  and  40  per  cent.  The  losses  during 
weathering  of  the  blended  product  rim  from  10  to  20  per  cent,  d<?- 
pending  on  the  gravity  of  the  raw  product  and  the  vapor  tension  of 
the  blend.  Often  heating  with  steam  is  necessary,  before  loading  the 
condensate  into  tank  cars,  to  bring  the  vapor  tension  within  the 
limits  required  by  the  railroad  shipping  rules,  especially  in  cold  weather, 
when  weathering  will  not  bring  the  blended  stock  to  the  desired 
condition. 

The  loss  in  this  field  due  to  transferring  the  product  from  the  pl^^ 
storage  tanks  to  loading  or  blending  stations  varies  from  2  to  7  p^^ 
cent,  and  in  loading  from  a  rack  to  cars,  between  1  and  5  per  cent. 
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The  loss  during  shipment  in  standard  tank  cars  is  variously  given  as 
being  between  2  and  10  per  cent,  with  an  average  of  approximately 
6  per  cent,  the  loss  depending  much  on  the  distance  and  length  of 
time  used  in  haulage,  the  atmospheric  temperatures  encoimtered,  and 
the  condition  of  the  tank  used  for  shipment. 

The  so-called  thermos  cars,  an  insulated  tank  car,  have  given  very 
satisfactory  returns  on  their  cost  to  certain  producers  using  them, 
who  report  a  maximum  outage  (loss  in  transit)  of  2  J  per  cent  when 
used  for  long  shipments  in  hot  weather,  and  report  instances  of  no 
outage  on  short  hauls  in  moderate,  rainy,  or  cold  weather.  -The 
railroad  rules  governing  shipments  in  insulated  cars  are  more  in  favor 
of  the  shipper  in  regard  to  vapor  pressures,  allowing  15  pounds  as 
the  maximum  in  place  of  10  pounds  as  in  standard' cars. 

The  losses  in  blending  and  shipping  in  the  Mid-Continent  field  may 
be  generalized  as  follows: 

Percent. 

Weathering 5to20 

Transferring  to  loading  station 2  to   7 

Loading  in  car  tanks Ito   5 

Shipping  in  standard  cars 2  to  10 

Total  losses 10  to  42 

Plants  treating  gas  that  contains  large  proportions  of  the  lighter 
fractions  and  using  pressures  and  temperatures  that  will  precipitate 
these  fractions  produce  the  ^'wildest"  condensate  and  in  consequence 
sujfifer  the  greatest  losses.  As  the  converse  of  this  practice  a  single- 
stage  plant  (No.  76  in  the  tables)  in  the  Mid-Continent  field,  men- 
tioned in  several  places  throughout  this  paper,  produces  a  condensate 
having  a  gravity  of  79°  B.  and  a  vapor  tension  of  about  5  pounds  that 
is  shipped  in  standard  tank  cars  with  a  total  loss  of  2  to  3  per  cent, 
including  the  losses  from  being  transferred  several  miles  through  pipe 
lines  to  the  loading  racks  and  from  loading  into  the  cars. 

NAPHTHA  USED  AS  BLENDING  STOCK. 

To  form  an  ideal  motor  fuel,  the  distillate  or  naphtha  used  in 
blending  should  be  one  that  will  give  the  mixture  a  uniform  series  of 
fractions  between  the  temperatures  at  which  distillation  begins  and 
finishes,  with  none  of  the  fractions  with  boiling  points  so  high  as  to 
cause  incomplete  combustion  and  carbon  deposits  in  motor  cylinders. 

To  blend  and  weather  condensate  to  correspond  with  the  above 
conditions  is  possible,  but  such  practice,  because  of  the  great  waste 
and  expense,  is  followed  only  in  blending  special  gasolines  for  engine 
or  speed  tests.  Also,  in  making  straight  refinery  distilled  gasoline, 
because  of  the  increased  demand  for  motor  fuel,  more  and  more  of 
the  heavier  distillates  have  been  cut  into  the  motor-fuel  fractions, 
causing  a  lower  gravity  and  a  higher  end  point. 
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Rittmaii,  Dean,  and  Jacobs  ^  have  shown  clearly  the  differences 
in  still-run  and  blended  gasolines  (see  fig.  13)  as  they  are  put  upon  the 
market.  They  state  that  the  blended  casing-head  products  have 
larger  percentages  distilling  below  50*^  C.  but  have  longer  distillation 
ranges,  which  tend  to  make  the  slope  of  the  temperature-percent^e 
curves  for  these  gasolines  flatter  than  those  of  straight  refinery 
products.  They  also  state  that  any  gasoline  having  an  unusually 
large  distillation  cut  below  50°  C.  and  with  considerable-percentages 
distilling  within  the  temperature  ranges  of  150°  to  175°  C.  and  175° 
to  20*0°  C,  and  being  deficient  in  constituents  boihng  at  intermediate 
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Figure  13.— Curves  showing  volatility  ranges  of  refinery  and  of  casing-head  gasoline.  /,  refinery  gasoline; 
f ,  casing-head  gasoline.  The  flatter  slope  of  the  curve  for  casing-head  gasoline  shows  that  the  content 
of  both  low  and  high  boiling  constituents  is  greater  in  the  blended  gasoline.    After  Rittman. 

points  of  the  distillation,  may  be  classed  as  one  of  these  blended 
products. 

The  naphthas  or  distillates  being  used  for  blending  are  those  frac- 
tions that  distill  from  crude  oU  after  the  cuts  marketed  as  ''straight 
stiU-run ''  gasoline  have  distilled  off.  The  naphthas  made  from  east- 
ern and  Mid-Continent  crudes  range  in  gravity  from  46^  to  60°  B., 
whereas  those  made  from  the  asphaltic  base  California  crude  oils 
range  between  42°  and  52°  B.  The  difference  in  the  eastern  and 
western  distillates  is  due  to  the  fact  that  the  crude  oils  in  the  different 
fields  differ  in  character,  having  paraffin,  asphaltic,  or  mixed  bases. 

'I  Rittman,  W.  F.,  Dean,  E.  W.,  and  Jacobs,  W.  A.,  Physical  and  chemical  properties  of  gasolines  soM 
throughout  the  United  States  during  the  calendar  year  1915:  Tech.  Paper  163,  Bureau  of  Mines,  1916,  p.  37* 
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The  eastern  and  the  California  naphthas  used  in  blending  have 
approximately  the  same  end  points,  although  the  gravities  differ  7^ 
to  10°  B.;  also  the  blends  formed  have  different  gravities,  although 
the  end  points,  power  developed  per  gallon,  and  the  completeness  of 
combustion  of  the  mixtures  are  practically  similar.  The  differences 
in  the  specific  gravities  of  the  various  cuts  of  similar  end  points 
from  the  different  crudes  decreases  as  the  cuts  become  lighter. 

Mid-Continent  crudes  having  mixed  bases  vary  between  California 
and  Pennsylvania  crude,  and  have  gravity  and  end  point  ratios 
between  the  two  extremes  stated  above. 

Certain  companies  in  buying  blended  gasoline  specify  that  the 
product  shall  have  a  gravity  of  not  less  than  67°  B.  and  an  upper  end 
point  not  more  than  400°  F.,  which  will  require  that  naphtha  with  a 
gravity  of  about  55°  B.,  if  from  Mid-Continent  crude,  or  48°  B.,  if 
from  California,  be  used  in  making  the  mixture. 

Nmnerous  blending  plants,  however,  use  distillates  with  as  low 
gravity  and  as  high  end  point  as  the  kerosene  fractions,  and,  as  far 
as  is  known,  find  no  trouble  in  marketing  such  blonds.  In  using 
naphthas  for  blending  it  has  been  foimd  that  the  heavier  naphthas 
give  better  results  than  the  Ughter  ones  in  lowering  the  vapor  tension 
of  the  mixture,  for  equal  quantities  put  in,  the  heavy  fractions  having 
a  tendency  to  '^hold  down"  the  light  fractions. 

PROPORTIONS   IN    BLENDS. 

In  general  it  may  be  stated  that  blended  gasoline  usually  consists 
of  a  mixture  of  half  casing-head  gasoHne  and  half  naphtha  or  dis- 
tillate, but  the  proportions  vary,  depending  upon  the  gravity  and 
vapor  tension  of  both  constituents,  blending  being  carried  to  a  point, 
in  conjunction  with  weathering,  that  brings  the  product  within  the 
shipping  rules  and  shows  maximum  profits  to  the  producers. 

STRATIFICATION   OF   BLENDED   GASOLINE. 

In  many  quarters  belief  has  been  expressed  that  in  blended  gasoline 
the  light  condensate  fractions  separate  from  the  heavier  distillate 
fractions,  causing  stratification.  The  writer  could  find  no  direct 
evidence  that  such  stratification  takes  place,  and  interviewed  many 
operators  and  blenders  who  had  made  various  tests  and  were  imable 
to  find  such  a  condition.  It  is  true  that  owing  to  change  of  tem- 
perature, in  a  closed  tank,  the  Hghter  fractions  at  times  vaporize  and 
condense  on  the  sides  of  the  container  and  drain  down,  floating  in 
a  thin  layer  on  top  of  the  hquid.  This  condition  may  have  given 
rise  to  the  belief  regarding  stratification,  but,  as  shown,  is  not  due  to 
Separation  of  the  two  or  more  blended  constituents  through  differ- 
ences in  their  gravities.    All  fractions  of  petrolemn  oils  are  gen- 
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erally  considered  as  soluble,  one  in  the  other,  and  a  blend  of  two  or 
more  fractions  such  as  naphtha  and  condensate  should  not  separate 
or  stratify.  All  evidence  obtainable  indicates  that  no  such  stratifi- 
cation actually  takes  place  in  blended  motor  fuels  through  the  differ- 
ence in  specific  gravity  of  the  members  blended.  A  test  made  on  a 
California  blended  product  and  reported  to  the  writer  showed  no 
separation.  The  blend,  which  was  a  small  quantity  of  condensate 
with  a  gravity  of  105°  B.  and  a  large  quantity  of  distillate  with  a 
gravity  of  48°  B.,  was  placed  in  a  10-barrel  tank  and  tested  afte 
standing  one  week  without  being  disturbed.  Samples  drawn  from 
the  top  and  bottom  had  specific  gravities  differing  only  0.07°  B. 
This  blend  found  a  ready  market  as  fuel  for  motor  trucks. 

The  naphthas  used  and  the  blends  marketed  at  the  present  time 
depend  to  no  small  extent  on  the  market  conditions  of  the  heavier 
distillates.  Naphthas  that  can  be  obtained  in  quantity  easily  and 
regularly,  thus  insuring  a  steady  supply,  are  often  chosen  in  prefw*- 
ence  to  a  more  perfect  blending  stock,  supplies  of  which  can  not  be 
depended  upon. 

COSTS  OF  COMPRESSION  PLANTS. 

The  widely  varying  conditions  \mder  which  compression  plants  are 
being  installed,  both  as  to  situation  and  the  machinery  and  the  steel 
markets,  make  estimates  of  the  costs  of  plants  so  imcertain  that  the 
subject  will  be  undertaken  with  the  idea  of  showing  the  costs  of 
plants  recently  installed,  of  which  the  writer  has  knowledge,  rather 
than  to  attempt  to  estimate  costs  in  general  for  present  or  future 
installations. 

An  operator  in  the  Mid-Continent  field  who  has  built  and  is  running 
three  plants  computes  plant  construction  costs  on  a  imit  basis  and 
gives  the  costs  of  one  unit  that  will  treat  400,000  to  500,000  cubic 
feet  of  gas  daily,  as  follows:  One  single-stage  unit,  compressing  the 
gas  to  a  pressure  of  75  or  90  pounds,  $8,000  to  $9,000;  one  two- 
stage  imit  compressing  to  200  or  250  poimds,  $15,000  to  $18,000. 
Vacuum  pumps  at  the  compression  plants  are  included  in  this  esti- 
mate, but  not  gathering  hnes  with  their  pumps,  or  the  expansion 
engines  that  are  used  at  the  plants.  On  this  basis,  a  1,000,000-foot 
plant  compressing  gas  to  a  pressure  of  250  pounds  would  cost  approxi- 
mately $36,000,  or  $36  per  1,000  feet  of  capacity. 

The  expense  of  construction  and  equipment  of  a  plant  compressing 
1,250,000  cubic  feet  of  gas  daily  to  250  pounds,  put  into  conamission 
in  Jime,  1916,  was  stated  to  be  $36,570,  divided  as  follows: 
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Cost  of  compression  plant  with  a  capacity  of  1,250^000  cubic  feet. 

Machinee,  engines,  compressors,  water  pumps,  and  air  pumps  and  tanks $18, 240 

Pipe  and  fittings,  engine  and  compressor  connections,  cooling  coils  and 

double-pipe  coils 1, 534 

Building  compressor  room  with  steel  frame,  cooling  tower,  accumulator  tank 

and  storage  housing,  auxiliary  engines  and  pumps 6, 756 

Gathering  lines 3, 797 

Tankage 1,105 

Gas  traps 700 

Electric  plant 395 

Labor,  carpenter  work;  pipe-fitting;  concrete,  etc. ;  setting  engines 4, 043 

Total 36,570 

No  expansion  set  is  included  in  this  estimate,  but  when  the  capacity 
of  the  plant  was  doubled  later  in  the  same  year  a  simple  single-stage 
compressor  was  installed  as  an  expansion  engine  and  is  used  to  expand 
all  of  the  gas  treated,  or  2,500,000  cubic  feet.  The  construction  of  the 
first  half  of  the  plant  shows  a  cost  of  $29  per  1,000  feet  capacity. 
The  entire  cost  of  the  plant  after  the  original  capacity  was  doubled  and 
an  expansion  engine  installed  is  approximately  $60,000,  or  $24  per 
1,000  feet  capacity. 

Another  plant  with  a  total  capacity  of  2,500,000  feet,  built  during 
the  same  period,  using  the  same  pressures  and  very  similar  to  the 
plant  described  above,  in  units  and  **  hook-up  "  (compressor  and  engine 
drive),  but  using  a  drilUng  engine  as  an  expander,  cost  $55,000,  or 
$22  per  thousand  feet  capacity. 

The  cost  per  1,000  feet  of  capacity  of  plants  treating  small  quanti- 
ties of  gas,  100,000  to  250,000  cubic  feet  daily,  is  relatively  higher; 
instances  having  come  to  the  attention  of  the  writer  of  costs  of  $40 
or  $60  per  1,000  feet  capacity  for  plants  of  that  size. 

One  small  plant — a  250,000-foot  plant  compressing  gas  to  250 
pounds — ^including  an  expansion  engine,  cost  $11,000,  or  more  than 
$44  per  1,000  feet  of  capacity. 

Plants  treating  small  quantities  of  gas  imder  pressures  obtained  by 
single-st£^e  compressors  and  having  simple  cooling  systems,  such  as 
are  foimd  in  many  eastern  fields,  notably  Sistersville,  W.  Va.,  cost 
much  less  than  is  indicated  by  the  above  estimates. 

No  estimate  of  costs  of  gathering  systems,  with  vacuum  stations  and 
booster  compressors,  can  be  made,  as  the  conditions  vary  from  a  few 
himdred  feet  of  6-inch  Unes  to  hnes  of  8  and  10  inches  diameter 
extending  5  to  10  miles  from  the  plant  and  having  as  many  as  30 
pumps  and  *' booster"  machines  forcing  the  gas  through  the  mains 
and  maintaining  low  pressures  on  the  wells. 
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MINIMUM  PLANT   CAPACITY   AT  WHICH  GAS   CAN  BE   THEATBD 

PROFITABLY. 

The  question  of  how  much  gas  is  necessary  to  make  the  installa- 
tion of  a  compression  plant  profitable  often  arises.  This  subject  is 
approached  more  easily  and  clearly  from  the  point  of  production,  the 
quantity  of  gas  being  allowed  to  vary  accordingly.  Operators  own- 
ing wells  producing  enough  gas  to  produce  150  or  more  gallons  of 
condensate  daily  can  at  the  present  price  of  that  product  well  afford 
to  install  a  plant,  provided  that  no  royalties  have  to  be  paid,  that 
the  gas  will  yield  1  gallon  or  more  per  1,000  cubic  feet,  and  that 
not  more  than  one  extra  man  must  be  kept  on  the  pay  roll.  To 
produce  this  quantity  of  condensate  under  these  conditions,  150,000 
cubic  feet  of  1-gallon  gas,  or  50,000  cubic  feet  of  3-galIon  gas  would 
be  profitable.  In  plants  of  this  size  owned  and  operated  by  oil  and 
gas  producers,  often  no  extra  help  is  needed,  the  plant  being  watched 
and  taken  care  of  by  pumpers  in  making  their  regular  rounds  of  the 
lease.  The  cost  of  such  plants  varies  imder  average  conditions  be- 
tween $4,000  and  $8,000,  and  profitable  returns  on  the  costs  of  instal- 
lation are  shown. 

With  these  costs  as  a  basis  and  considering  royalties  and  addi- 
tional labor  to  run  the  plants,  the  quantities  and  richness  of  gas  nec- 
essary to  make  an  installation  profitable  may  be  estimated.  Many 
small  plants  in  the  eastern  fields  are  treating  75,  000  to  100,000  cubic 
feet  of  gas  daily,  and  the  fact  that  they  continued  to  run  during  times 
when  condensate  sold  at  8  and  10  cents  per  gallon  would  indicate 
that  profits  under  the  present  conditions  are  gratifying.  The  price 
received  in  August,  1916,  at  Sistersville,  W.  Va.,  for  condensate  with 
a  gravity  of  86°  B.,  was  reported  to  be  more  than  18  cents  per  gallon. 

PLANT  RECORDS. 

The  writer  in  collecting  detailed  plant  data  found  that  many,  in 
fact  most  compression  plant  operators  used  no  system  of  daily  report 
sheets  or  records  of  plant  operation  further  than  making  each  day 
an  estimate  of  the  condensate  produced.  It  is  difficult  to  see  how 
plants  of  this  character  can  be  operated  inteUigently,  or  improve- 
ments made,  imless  accurate  records  of  all  the  more  important  plant 
functions  are  carefully  kept  and  used  in  directing  changes  and  experi- 
ments to  improve  the  practice  and  increase  the  quantity  and  quality 
of  the  product.  At  fully  one-half  of  the  plants  visited  no  attempt 
was  made  at  keeping  data  of  any  kind  excepting  records  of  the  pro- 
duction, and  only  a  limited  number  of  those  keeping  accurate  and 
detailed  records  made  any  use  of  them;  or  had  tried  to  improve 
either  the  operation  or  the  product.  For  instance,  the  pressure  of 
250  pounds  is  almost  universally  used  as  the  ultimate  pressure  at 
plants  throughout  the  western  fields,  because  other  operators  use 
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it  and  because  the  machines  and  pipe  fittings  are  designed  for  that 
pressure,  the  actual  qualities  of  the  gas  being  treated  not  being  con- 
sidered. At  one  plant  that  had  been  using  a  pressiu'e  of  250  pounds, 
it  was  found  that  the  engines  gave  less  trouble  when  the  pressiu'e 
was  reduced  to  about  200  pounds  and  that  no  less  condensate  was 
produced,  showing  that  the  higher  pressiu'e  had  not  been  used  because 
it  was  best  suited  to  the  gas  but  because  it  was  standard  for  the 
machines  in  use. 

In  every  plant  the  best  pressures  and  temperatures  to  use  must  be 
found  by  trial  and  experiment,  but  without  records  of  results  and  con- 
ditions improvements  will  be  slow  in  coming.  The  accompanying 
form  shows  the  daily  report  sheet  used  by  a  progressive  CaUfomia 
operator.  Many  of  the  records  are  made  by  recording  gages  and 
thermometers,  the  charts  being  filed  for  reference  and  comparison 
with  the  report  sheet.  At  any  sign  of  a  disturbance  of  any  plant 
function,  additional  information  is  gathered,  such  as  the  specific 
gravity  of  the  gas  before  entering  and  after  being  discharged  from 
the  plant  and  after  each  step  in  its  treatment.  The  quantities 
of  condensate  precipitated  and  collected  at  each  accumulator  tank 
and  its  specific  gravity  are  also  found  useful  in  locating  plant  dis- 
turbances or  irregularities.  Records  of  temperatures  of  the  gas,  at 
each  change  of  pressure  and  after  each  set  of  coils  is  passed  or  each 
fraction  of  condensate  is  removed,  shoidd  be  kept.  Records  of  cool- 
ing water  and  atmospheric  temperatures,  in  conjunction  with  other 
records,  may  show  either  the  cause  or  the  effect  of  changes  in  the 
gas  or  in  plant  conditions.  Although  the  cooUng  of  gas  in  coils  and 
of  water  in  towers  has  been  practiced  for  years,  many  casing-head 
gasoHne  plants  have  installed  only  the  most  primitive  and  least 
eflBcient  systems,  and  the  lack  of  records  and  data  obscure  the  fact 
that  poor  results  are  being  obtained  from  their  use. 

Records  of  engine  speeds  and  other  purely  mechanical  data,  such 
as  the  nimiber  of  hours  machines  are  shut  down  and  the  reasons  for 
such  delays,  are  of  use  in  determining  costs,  plant  efficiency,  and  the 
efficiency  of  men  in  charge  of  plants  or  the  machines,  as  weU  as  the 
principal  causes  of  trouble  and  weakness  of  any  machine  or  part. 

Acciu^ate  plant  records  are  also  valuable  in  cooperating  with 
operators  of  other  plants  in  an  endeavor  to  improve  general  plant 
practice  and  operation.  It  was  noticed  in  districts  where  friendly 
cooperation  existed  that  the  practice  in  general  in  that  district  was 
niore  modern  and  that  the  operators  and  men  in  the  plants  had  a 
broader  understanding  of  the  process  as  a  whole. 

The  measure  of  success  in  most  compression  plants  has  been  con- 
sidered only  from  a  narrow  viewpoint,  the  improvements  possible 
and  the  waste  of  condensable  vapors  contained  in  the  gas  being 
overlooked. 
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The  staff  of  the  Bureau  of  Mines  receives  many  letters  asking 
information  regarding  the  manufacture  of  gasoline  from  natural  gas, 
which  they  willingly  and  gladly  answer,  but  in  most  of  these  letters 
the  data  regarding  both  the  gas  and  the  operationr  of  the  piant  are 
so  meager  that  answers  must  be  of  a  very  general  character  and  are 
probably  as  imsatisf  actory  to  the  correspondent  as  to  the  writer. 

STJMMAEY. 

In  the  following  paragraphs  some  of  the  more  important  factors 
relating  to  natural-gas  gasoline  and  its  production  by  the  com- 
pression process  are  briefly  discussed. 

TESTING  NATURAL  GAS  TO  DETERMINE  ITS   SUITABILITY  FOB  MAKING 

GASOLINE. 

The  various  hydrocarbons,  and  also  the  impurities,  found  in  natiiral 
gas  as  it  comes  from  oil  or  gas  wells,  have  a  direct  bearing  on  the 
plant  practice  and  treatment  that  will  yield  the  most  condensate. 
The  more  complete  and  thorough  the  tests  made  on  the  gas  to  de- 
termine its  composition  and  physical  characteristics  are,  the  less 
chance  there  will  be  of  those  interested  building  and  operating  a 
compression  plant  that  is  not  best  suited  for  treatment  of  that 
particular  gas. 

Thus  far  the  plants  installed  have  been  generally  of  standard 
design  and  equipment  using  the  maximum  safe  pressures  for  which 
standard  machines  and  fittings  were  built  and  temperatures  obtainable 
by  simple  methods  of  water  cooling,  little  consideration  being  given 
to  the  qualities  of  the  gas  to  be  treated. 

Gas  testing  as  followed  at  the  present  time  is  done  only  to  det-ermine 
if  the  gas  can  be  profitably  treated,  and,  if  found  so,  a  plant  of  general 
standard  design  is  put  in  operation.  It  must  be  admitted  that  these 
plants  asawholo,  throughout  theUnited  States,  have  proved  financially 
successful,  but  as  a  rule  such  success  is  due,  in  the  writer's  opinion,  more 
to  the  fact  that  only  the  rich  gas  has  been  taken  for  treatment  than 
to  careful  plant  design  and  operation.  The  great  increase  in  pro- 
duction at  a  few  of  the  plants  where  the  operators  have  studied  the 
gas  being  treated  and  instidled  equipment  best  suited  to  its  com- 
position and  chiU'actoristics  indicates  that  gross  waste  is  taking  place 
at  many  plants  of  standard  design.  As  more  is  learned  of  the  best 
methods  of  treating  natural  gas  in  compression  plants,  gas  of  lower 
gasohne  content  can  be  and  will  be  used  in  such  plants. 

At  many  plants  visited  no  gas  tests  of  any  kind  had  been  macit' 
since  the  original  tests  to  determine  whether  the  gas  was  rich  enougli 
iu  gasoline  to  warrant  treatment.  With  the  aging  of  the  wells,  ihi' 
extension  of  gathering  lines,  and  the  installation  of  vacuum  pumps, 
which  often  draw  air  into  the  gas  fines,  it  is  hard  to  befievc  that  no 
variation  in  treatment  was  necessary  if  the  best  results  were  desired. 
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Gravity  tests  of  the  gas  used  should  be  made  from  time  to  time  at  all 
plants.  The  results  will  indicate  any  changes  in  composition  and 
usually  whether  air  has  been  taken  into  the  line.  This  test,  if  made 
at  different  points  in  the  treatment  and  on  the  treated  gas  may  also 
indicate  either  a  change  in  the  character  of  the  gas  or  that  some  part 
of  the  plant  is  not  working  as  usual.  Other  tests,  such  as  absorption 
and  compression  tests  and  analyses,  made  and  recorded  at  regular 
iatervals,  have  been  of  value  in  determining  soinces  of  trouble  and 
indicating  the  need  of  experiments  and  of  plant  changes. 

Experimenting  with  the  entire  plant  or  one  complete  unit  by 
changing  the  temperatures  and  pressures  and  recording  the  results 
may  lead  to  better  recovery  or  a  better  product, 

PRESSURES  AND  TEMPERATURES. 

Gas  from  wells  that  are  being  and  often  have  been  gas-pumped  for 
years,  and  are  held  imder  high  vacuiuns  is  composed  largely  of  the 
heavier  vapors  that  would,  unless  vacuums  were  used,  remain  as 
liquid  in  the  oil,  and  in  treating  such  gas  extreme  pressures  and  tem- 
peratures are  not  necessary. 

In  eastern  fields,  where  these  conditions  are  most  often  found, 
single-stage  plants  working  at  a  pressure  of  about  100  pounds  and 
usLQg  such  temperatures  as  can  be  obtained  in  submerged  coUs  cooled 
by  the  natiu^al  temperatiu*es  of  well  or  creek  waters,  give  satisfactory 
recoveries  and  produce  condensates  with  a  gravity  and  vapor  pressiu'e 
as  high  as  can  be  handled,  either  blended  or  unblended.     In  the 
same  fields,  however,  plants  treating  gas  from  old  weUs  not  held 
under  vacuum  have  foimd  that  not  enough  of  the  vapor  carried  by 
the  gas  can  be  condensed  at  pressures  lower  than  300  pounds  to  be 
profitable.     The  condensate  produced  at  that  pressure  was  exceed- 
ingly wUd  and  in  order  to  effect  a  maximum  saving  required  blend- 
ing as  early  in  the  process  of  precipitation  as  possible.     It  appears 
from  the  above  facts  that  gas  taken  from  wells  held  imder  high  vacuum 
carries  portions  of  the  higher-boiling  fractions,  distUled  from  the  oil 
under  reduced  pressures,  that  would  otherwise  have  remained  in  the 
oil  ia  the  sands.     The  removal  of  the  lighter  fractions  by  this  method 
has  less  effect  on  the  gravity  of  the  refined  oil  than  would  at  first 
seem  probable,  because  a  marked  percentage  of  these  vapors  un- 
doubtedly came  from  oil  left  in  the  sands  which  in  aU  probability 
will  never  be  extracted,  and  also  because  the  oil  production  from 
many  small  wells  held  imder  high  vacumns  is  stored  for  days,  and 
even  weeks,  in  tanks,  exposed  to  changes  in  atmospheric  temperature, 
during  which  time  the  fighter  fractions  are  lost  to  a  greater  or  less 
extent.    Under  these  conditions,   relieving  tlie  oil  of  its  fightest 
vapors  before  it  is  exposed  to  evaporation,  or  while  stiU  in  the  sands 
undergroimd,  would  save  these  valuable  products. 
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In  the  newer  fields,  in  which  the  gas  is  still  produced  tinder  widc^ 
varying  rock  pressures,  a  maximum  plant  pressure  of  250  potmds  h 
almost  universally  used,  and  refrigeration  has  often  been  found  to 
increase  production  10  to  50  per  cent. 

Besides  the  usual  cooling  with  water,  at  some  plants  the  gas  is  ako 
cooled  in  heat  interchangers,  while  still  at  the  maximum  pressures 
used,  with  expanded  gas.  The  dry  compressed  gas  is  expimded 
adiabatically  in  the  power  cylinder  of  a  steam  engine,  its  temperature 
being  lowered  at  times  to  —100*^  F.  In  the  heat  interchange*  tiie 
high-pressure  gas  is  reduced  to  temperatures  as  low  as  —10°  F., 
which  causes  vapors  not  condensed  in  the  water-cooled  system  to 
precipitate.  It  is  the  writer's  opinion  that  many  plant  operators 
are  overlooking  gas  expansion  as  a  means  of  increasing  the  net  pro- 
duction of  their  plants. 

The  treatment  of  natural  gas  for  gasoline  is  xmlike  those  manufacture 
ing  processes  in  which  the  treated  material  may  be  stored  and  treated 
a  second  or  third  time  after  the  first  extraction  or  concentration  of  the 
desired  portions,  because  the  gas,  after  once  coming  to  the  surface, 
must  be  kept  moving  until  treated  and  used  as  fuel  or  wasted  to  the 
atmosphere.  Thus  marketable  fractions  of  condensate  left  in  the 
gas  after  treatment  are  practically  entirely  wasted. 

CONDENSATE. 

The  gasoline  carried  in  natural  gas  and  precipitated  at  different 
points  in  the  treatment  consists  mostly  of  pentane  and  hexane,  the 
fifth  and  the  sixth  members  of  the  paraflBn  series,  smaller  proportions 
of  heptane,  the  seventh  member,  and  decreasing  percentages,  if  imy, 
of  propane  and  butane,  the  third  and  fourth  fractions.  In  conden- 
sates produced  at  high  pressures  and  low  temperatures,  probably 
some  propane  and  butane  are  present  and  with  dissolved  gas  cause 
the  high  vapor  tensions  of  some  plant  products.  The  amount  of 
dissolved  gas  is  probably  of  no  importance,  as  far  as  volume  is  con- 
cerned, but  there  seems  to  be  little  reason  to  doubt  that  when  the 
pressure  on  the  condensate  is  relieved  the  gas  has  a  decided  tendency 
to  cause  boiling  and  agitation  of  the  liquid,  which,  with  boiling  of  the 
propane  or  the  butane,  causes  losses  not  only  of  these  constituents 
but  also  of  some  of  the  heavier  members  during  weathering. 

The  gravity  of  the  plant  products  as  they  come  to  the  accumulator 
or  the  *'make  tanks"  varies  between  70°  and  96°  B.,  and  the  vapor 
tension,  from  5  to  40  pounds. 

The  gravity  and  the  vapor  tension  of  the  condensates  as  collected 
in  the  accumidator  tanks  of  the  successive  stages  become  higher  as 
the  higher  pressure  and  the  lower  temperature  changes  are  reached. 
The  products  range  from  Une  drip  or  distillate  with  a  gravity  of  55° 
B.,  produced  at  atmospheric  temperature  and  pressure,  to  condensate 
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-with  a  gravity  of  105®  B.,  produced  in  the  accumulator  tank  at  the 
expansion-engine  exhaust,  at  —  40®  F.,  the  gas  having  been  reduced 
to  a  pressure  of  10  pounds. 

Experiments  and  the  equipment  of  recent  plants  indicate  that  to 
remove  the  condensate  from  contact  with  the  gas  as  soon  as  possible 
after  precipitation  and  collection  is  the  best  practice.  This  is  ac- 
complished by  the  use  of  small  automatic  traps,  which  dram  the 
liquid  from  the  accumulator  tanks  as  soon  as  collected.  The  liquid 
then  passes  through  pipes  to  **make  tanks,^'  or  storage  tanks,  the 
pressure  being  reduced  on  a  smaU  quantity  of  condensate  at  each 
dumping  of  the  trap  with  the  least  possible  agitation  and*  consequent 
boiling.  This  method  reduces  transfer  losses  and  those  from  sudden 
lowering  of  pressure  on  large  amounts  of  condensate  at  one  time. 
The  automatic  traps  are  used  in  transferring  either  raw  or  blended 
products  from  accumulator  tanks  to  storage  or  ^*make''  tanks  at 
lower  pressures. 

BLENDING. 

Although  some  casing-head  gasoline  is  shipped  and  used  without 
being  blended,  most  of  it  is  mixed  or  blended  with  naphtha  of  lower 
gravity  and  vapor  tension  before  reaching  the  consumer. 

Condensate,  although  at  times  shipped  imblended,  is  in  the  most 
modem  plants  and  the  latest  practice  blended  as  soon  as  possible 
after  being  formed,  or  even  while  in  the  process  of  precipitation. 
Some  operators  stiU  ship  their  product  partly  blended  or  reduced  in 
gravity  and  vapor  tension  to  blending  stations  or  refineries,  but  the 
general  practice  is  to  blend  at  some  stage  of  precipit^ation  or  storage 
at  the  plant. 

Blending  at  the  plants  is  done  in  the  storage  tanks,  the  ^'make 
tanks^''  and  the  accumulator  tanks,  and  at  times  in  the  coils  while  the 
condensate  is  still  in  process  of  precipitation  and  in  contact  with  the 
high-pressure  gas.  Operators  using  these  methods  claim  definite 
increases  in  production  for  each  successively  earlier  point  in  the 
process  of  cooling  and  precipitation  in  the  high-pressure  imits  at 
which  blending  is  accomplished. 

Naphthas  having  an  end  point  of  approximately  400°  F.  are  in 
general  use  as  blending  stocks,  but  at  some  plants  where  regular 
supplies  of  this  stock  could  not  be  obtained,  distillates  having  the 
end  points  and  gravities  of  kerosene  are  used. 

Some  blending  companies  use  with  the  usual  naphthas  small 
quantities  of  "straight''  stiU-run  California  gasoline,  specific  gravity 
58°  B.,  and  Mid-Continent  and  eastern  grades,  specific  gravity  66° 
to  68°  B.,  in  order  to  increase  the  proportions  of  those  hydrocarbons 
of  which  the  naphtha  and  the  condensate  contain  only  small  per- 
centages. 

7338*^—18— BuU.  151 8 


106  RECOVERY  OF   GASOLINE  FROM   NATURAL  GAS. 

THE   ADVANCEMENT   OF   THE    INDUSTRY. 

Since  the  first  commercial  gas  compression  plants  were  established, 
about  15  years  ago,  in  the  eastern  oil  fields,  marked  advancement 
has  been  made  in  the  mechanical  and  commercial  phases  of  iit 
natural-gas  gasoline  industry. 

Up  to  about  five  or  six  years  ago,  most  of  the  plants  consisted  d 
the  simplest  forms  of  gas  pumps,  single-stage  compressors,  and 
cooling  coils,  were  operated  only  on  rich  casing-head  gas  that  wouM 
produce  4  to  6  gallons  of  condensate,  and  had  a  capacity  of  not  man 
than  200,000  or  300,000  cubic  feet  daily. 

At  present  plants  are  in  operation  treating  6,000,000  to  9,000,000 
cubic  feet  daily  of  gas  yielding  as  low  as  1  gallon  of  condensate  per 
1,000  cubic  feet,  using  pressures  of  250  and  300  pounds  per  square 
inch  in  two  stages  of  compression,  with  elaborate  systems  of  cooling 
the  gas  with  water  before  compression  and  after  each  stage  of  com- 
pression. The  water  used  is  cooled  below  normal  temperatures  by 
induced  aeration  and  radiation. 

In  some  plants  the  gas  is  further  cooled  by  expanding  the  drf 
treated  gas  through  the  cylinders  of  an  expansion  engine  and  vemg 
the  cold  expanded  gas  to  cool  the  high-pressure  gas  from  the  watep- 
cooled  coils.  Temperatures  as  low  as  0°  F.  are  often  obtained, 
causing  the  precipitation  of  neaiiy  all  the  condensable  fraciiosB 
commercially  valuable  for  making  gasoline. 
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PIPE  LINES. 

Formulas  governing  the  flow  of  gas  in  pipes  have  been  worked  out 
by  Weymouth  and  discussed  by  him  in  a  paper "  pubUshed  by  the 
American  Society  of  Mechanical  Engineers.  These  formulas  with 
that  part  of  Weymouth's  report  that  relates  to  the  flow  of  gas  in 
pipe  lines  are  given  in  the  following: 

TRANSMISSION  OF  NATXTBAL  GAS. 

By  Thomas  R.  Weymouth. 

In  the  design  of  pipe  lines  for  the  transmission  of  natural  gas  from  the  field  to  the 
points  of  consumption  it  is  necessary  to  make  use  of  a  formula  expressing  the  relations 
to  each  other  of  the  quantity  and  initial  and  final  pressures  of  the  gas,  and  the  diam- 
eter and  length  of  line.  Many  such  formulas  have  been  proposed  giving  widely 
differing  results.  In  nearly  all  of  them  the  flow  is  stated  as  varying  as  the  square 
root  of  the  fifth  power  of  the  pipe  diameter,  and  either  the  coefficient  of  friction  is 
considered  constant,  or  a  different  coefficient  is  given  for  each  diameter  of  pipe. 
This  serves  well  enough  where  the  diameter  is  known  and  any  one  of  the  other  quan- 
tities expressed  by  the  formula  is  desired,  but  is  somewhat  awkward  when  it  is 
desired  to  ascertain  the  diameter  of  line  necessary  to  meet  the  other  given  conditions. 

The  author  has  derived  a  new  formula  which  he  believes  expresses  the  relation- 
ship of  the  quantities  involved  even  more  closely  than  any  heretofore  offered.  It  is 
based  on  isothermal  flow,  and  the  variation  in  the  value  of  the  coefficient  of  friction 
is  provided  for  without  complicating  the  formula,  yet  permitting  the  required  diam- 
eter of  line  to  be  ascertained  readily. 

The  expression  for  the  initial  velocity  of  any' gas  flowing  in  a  pipe  is  given  by 
Unwin  &  as 

iti=initial  velocity,  in  feet  per  second. 
g==acceleration  due  to  gravity. 

PV 

C= thermodynamic  constant  of  the  flowing  gas  =  -=- 

r=ab8olute  temperature  of  gas. 

m=hydraulic  mean  radius  of  the  pipe  =  j. 

P,=ab8olute  initial  pressure  of  the  gas,  in  pounds  per  square  inch. 
P2=ab8olute  final  pressure  of  the  gas,  in  pounds  per  square  inch. 
/=coefficient  of  friction. 
i=length  of  line,  in  feet. 

•Weymouth,  T.  R.,  Problems  in  natural-gas  engineering:  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  34,  1912, 
pp.  18&-234. 
*  Unwln,  W.  C,  Transmission  and  distribution  of  power  from  central  stations,  1802,  p.  269. 
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Let 
Ca= thermodynamic  constant  f6r  air. 
G=8pecific  gravity  of  flowing  gas,  air=1.0. 
i)= diameter  of  pipe,  in  feet. 
rf=diameter  of  pipe,  in  inches. 


Then  C=^»  and  m= j=^ 


Hence 


If  g=qiiantity  of  gas  flowing  per  second,  based  on  absolute  pressure  and  tempecatuR 
of  Po  and  To, 

A=  area  of  cross  section  of  pipe  in  square  feet  =  4^144 
Then 

W        ^=^i^PoT="^»V4X144/PoTV576/PoL        ^GTfl      J 


If 

Then 
and 


Q=  flow  in  cubic  feet  per  hour,  based  on  Pq  and  Tq,  and 
L=  length  of  line,  in  miles, 

Z=5280L 

Q=3,600q 

('^^  ^"576V48  X  5280  PoV^'L      OT/L      J 

Taking  g=32.17  and  Ca=53.33, 

(o)  Q=1.6156p^L      ^jyj^      J 

Experiments  on  the  flow  of  air  in  pipes  of  different  diameters  indicate  that  the  corf- 
ficient  of  friction /is  a  variable,  decreasing  with  increasing  diameters  of  line.  A  gw* 
many  such  experiments  have  been,  collected  and  published  in  * 'Compressed  Air,"l>f 
Elmo  G.  Harris,  from  which,  by  the  use  of  equation  5,  the  coefficients  of  friction  ha^ 
been  computed  and  plotted  in  figure  14. 

In  the  reports  of  these  tests  no  statements  were  made  as  to  the  method  of  meaflnriog 
the  quantity  of  gas  flowing,  and  it  is  quite  probable  that  many  of  the  results  are  inaccu- 
rate in  this  respect.  Notwithstanding  this,  however,  the  nature  of  the  variatioD  of/ 
with  the  diameter  is  evident,  and  the  curve  represented  by  the  equation 

.    0.008 

gives  a  fair  average  of  the  loci  of  the  points  plotted.     Inserting  this  value  of /in  equ** 
tion  5 J  the  expression  becomes 

Equation  6  is  the  general  formula  for  the  flow  of  gas  in  long  pipe  lines. 

In  1901  Forrest  M.  Towl  conducted  an  extended  test  on  an  8-inch  line,  70  miltf 
long,  supplying  gas  to  Buffalo,  the  results  of  which  were  published  in  a  bulletin 
issued  by  Columbia  University  in  1911.  Previous  to  the  test  the  line  had  been 
repaired  and  tested  for  leaks,  and  was  known  to  be  practically  gas-tight.  The  flo^ 
was  measured  by  standardized  Pitot  tubes,  which  gave  results  accurate  within  Ifi* 
than  1  per  cent.    The  specific  gravity  O  of  the  flowing  gas  was  0.64,  its  tOTipeiatHi* 
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32°  P.,  or  r=492°  abaolute.  The  temperature  basis  on  which  the  gae  was 
was  50°  F.,  or  T,— 510°  absolute,  and  the  preamre  basiB  was  4  ouncM  ahave  14.1 
pounds,  01  Po=14.6S  pounds  per  square  inch  absolute.  In  a  length  of  pipe  70.32 
milee  long  P,  and  P]  were  210  and  41  pounds  per  square  inch  absolute,  respectivdy. 
The  actual  diameter  of  the  pipe  was  7.981  inches,  and  the  rate  of  flow  by  Pitot  tutx 
was  found  to  be  221,000  cubic  feet  per  hour. 

Inserting  these  quautitiee  in  formula  1  and  solving  for  flow,  it  becomee 
Q=221,400  cubic  feet  per  hour, 
or  leea  than  0.2  per  cent  greater  than  the  actual  flow  as  measured. 

Assuming  gas  standard  conditions  of  meSBurement  baeis,  namely,  60°  F.  and  14.(S 
pounds  absolute  pressure,  and  that  the  average  flowiug  temperature  of  the  gas  througt 
out  the  year  will  be  40°  F.,  the  formula  becomes 

and,  if  an  average  speciflc  gravity  of  0.60  be  assumed, 


(8)  Q=37[^-^ 


Formula  £  is  oE  practical  use  in  designing  lines  for  the  tranamiaaion  of  natural  pi- 
It  is  used  as  given,  or  in  a  transpoeed  form,  for  all  problems  relating  to  single  luH 
of  uniform  diameter. 
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OF  PIPE  IN  INCHES  (dOR^} 
FiGiBE  15.— Brokeu  curve  sliowuig  values  oleiiulvaleolleDgUu  of  diUerentdlaDUUra  of  pipe. 

If  a  line  is  composed  of  several  longtIiB.  L„  L^,  ...  i„,  of  diftmetefBrf|,(i,,  .  .  .  d,. 
each  of  these  lengths  must  be  traii^afnrmcd  into  an  equivalent  length  of  one  chose* 
diameter,  by  means  of  tho  formula 
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Values  of  equivalent  lengths  for  different  diameters  can  be  most  conveniently  ascer- 
tained by  the  use  of  the  curves  in  figure  15,  which  consist  of  plots  of  the  values  of 
<P^  for  varying  values  of  d.  Values  taken  from  these  curves  are  convenient  to  use 
directly  in  the  pipe-line  formula,  equation  8^  whereas  they  are  most  simply  used  in 
equation  9  as  values  of  the  5}  power  of  the  diameter  ratios. 

TABLES. 

VOLUME  OP  FLOW  FROM  DIFFERENT  SIZES  OF  PIPE  AT  VARIOUS  PRES- 
SURES. 

The  number  of  cubic  feet  of  gas  of  a  specific  gravity  of  0.6  (air 
equaling  1.0)  that  will  flow  from  the  mouth  of  a  l-inch  pipe  in  24 
hours  is  given  in  Table  10  following.  The  pressure  of  the  container 
is  taken  as  4  oimces  above  an  assumed  atmospheric  pressure  of  14.4 
poimds  to  the  square  inch,  and  the  temperature  of  the  flowing  gas 
and  the  container  is  assumed  to  be  60°  F.  If  the  diameter  of  the 
pipe  is  other  than  1  inch,  multiply  the  discharge  value  given  in  Table 
10  by  the  square  of  the  actual  diameter  of  the  pipe,  as  found  in 
Table  11. 

Ta.ble  10. — Rate  of  flow  of  natural  gas  in  pipe  1  inch  in  inside  diameter  at  various 

pressures.^ 


Observed  gage  pressure. 

Flow, 
cubic  feet 
per  day. 

Observed  gage  pressure. 

Flow, 

cubic  feet 

per  day. 

Inches  of 
mercury. 

Inches 

of 
water. 

Pounds 

per 

square 

inch. 

Inches  of 
mercury. 

Inches 

of 
water. 

Pounds 

per 

square 

inch. 

0.1 

0.2 

0.3 

0.5 

0.7 

1.0 

1.6 

2.0 

3.0 

4.0 

6.0 

7.0 

10.0 

13.75 

20.62 

27.5 

41.25 

55.0 

68.75 

82.50 

96.25 

110.0 

0.0086 

0.0073 

0.0109 

0.0182 

0.0254 

0.0364 

0.0545 

0.0727 

0.109 

0.145 

0.182 

0.254 

0.3636 

0.50 

0.75 

1.00 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

'        12,390 

17,560 

21,480 

27,720 

32,820 

39,210 

48,030 

65,340 

67,910 

78,410 

87,670 

103,500 

123,000 

146,220 

175,350 

201,800 

247,  WO 

285,130 

316,500 

344,350 

370,000 

393,000 

415,270 

10.17 
11.18 
12.20 
13.21 
14.23 
16.25 
10.26 
18.30 
20.33 
24.39 
28.46 
32.53 
36.60 
40.66 
60.81 
61.00 
71.16 

6.0 

6.5 

6.0 

6.5 

7.0 

7.5 

8.0 

9.0 

10.0 

12.0 

14.0 

16.0 

18.0 

20.0 

25.0 

30.0 

3.').0 

40.0 

45.0 

50.0 

55.0 

60.0 

436,200 
456,200 
473,750 
489,840 
605,920 
522,010 
538,500 
665,970 
589,270 
633,340 
075,000 
713,550 
748,650 
779,350 
845,150 
902,180 
954,820 
989,680 
1,036,700 
1,072,000 
1,106,880 
1,137,000 

0.05 

0.7 

0.11 

0.15 

0.22 

0.29 

a  37 

0.52 

0.74 

1.02 

1.52 

2.03 

3.05 

4.07 

6.08 

6.10 

7.12 

8.13 

8.15 

•^■•••«*»« 

o  Thompson,  A.  B^  Oil-field  development  and  petroleum  mining,  Lind.,  1916,  pp.  578-579;  quoted  by 
Johnson,  R.  H.,  and  Huntley,  L.  G.,  Oil  and  gas  production,  1916,  p.  9. 

In  correcting  for  temperature  of  flowing  gas,  where  observed,  of  30*^, 
40'',  50"^,  and  60°  F.,  add  4,  3,  2,  and  1  per  cent,  respectively.  To 
change  the  result,  as  found  by  this  table,  to  that  for  any  other  specific 

.J. '-.- J 

specific  gravity  of  gas 
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TabIiE  11. — MultipUers  for  pipe  of  diameters  other  than  1  inch.*^ 

Diam- 
eter of 
opening. 

Multi- 
plier. 

Diam- 
eter of 
opening. 

Multi- 
plier. 

Diam- 
eter of 
opening. 

Multi- 
plier. 

Diam- 
eter of 
opening. 

■ 

Multi- 
plier. 

Diam- 
eter of 
opening. 

Mum- 

p&s. 

Inch. 

'  ■ 

0.0038 
0.0156 
a  0625 
0.2500 
0.5625 

Inches. 

1 

I' 
f 

1.00 
2.25 
4.00 
6.25 
9.00 

Inches. 
4 

5 

16.00 
18.00 
25.00 
26.90 
31.60 

Inches. 
6 

P 

7i 

36.00 
39.00 
43.90 
49.00 
52.50 

Inches. 

8 

? 

10 
12 

64.9 

8L0e 

144.(6 

a  Johnson,  R.  H.,  and  Huntley,  L.  G.,  Oil  and  gas  production,  1016,  p.  35S. 

Table  12. —  Variation  in  volume  of  100  cubic  feet  {100  per  cent)  of  gas  at  constant  tem- 
perature under  various  gage  pressures.^ 


Pressure  per  square 
inch. 

Volume. 

Pressure  per  square 
inch. 

Volume. 

Pressure  per  square 
inch. 

Votaiw. 

Ounces. 
0 

Percent. 
100.0 
99.1 
98.3 
97.5 
96.7 
95.9 
95.1 
94.3 

93.6 
88.0 
83.0 

Pounds. 
4 1 

Percent. 
78.6 
74.6 
71.0 
67.7 
64.7 
62.0 
59.5 
55.0 

51.5 
47.8 
44.9 

Pounds. 
20 

Per  cm 

US 

2 

5 

30 

ai 

4 

6 

40 

3flS 

6 

7 

50 

ar 

8 

8 

75 

Hf 

10 

9 

100 

lit 

12 

10 

150 

if 

14 

12 

200 

&I 

Pounds. 
1 

1  ** 

14 

250 

U 

2 

16 

300 .\ 

400 

il 

3 

18 

a 

1 

_ 

b  Johnson,  R.  H.,  and  Huntley,  L.  G.,  Principles  of  oil  and  gas  production,  1016,  p.  355. 
CHANGE  IN   VOLUME   OP   GAS   WITH   CHANGE  IN   TEMPERATURE. 

In  Table  13  following,  the  standard  is  taken  at  60*^  F.  ajid  14.4 
inches  of  mercury  plus  0.25  =  14.65  inches  of  mercuiy.  Absolufe 
zero  =  460''  F.  below  freezing  =  488^  below  60°  F.  The  specific 
gravity  of  the  natural  gas  is  taken  at  0.6,  air  being  1.  The  same 
1,000  cubic  feet  of  gas  at  60°  F.  will  measure  1,041  cubic  feet  at  80" 
and  959  cubic  feet  at  40°.  The  percentage  of  the  decrease  an(i 
increase  below  or  above  60°  F.;  the  specific  gravity  of  the  gas  at 
temperatures  below  and  above  60°  F.;  also  weight  of  1,000  cubic  feet 
of  gas  and  air  at  the  different  temperatures  is  shown.  For  each 
degree  there  is  a  change  of  0.002056  in  volume. 
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Table  13. — Change  in  volume  of  1,000  feet  of  air  or  natural  gas,  owing  to  change  in 

temperature. a 


Volninfl  of 

1.000  cubic 
leetof  gas 
measured 

Specific 

Welgjltof 

Tompera- 

Loss  or 

gain  in 

volume. 

gravity 
^pecifio 

1.000  cubic 
feet  of  gas 

Welgihtof 
1,000  cubic 
feet  of  air. 

tore. 

at  tem- 
peratures 

gravity- 
0.6  at 

(O.Ospecific 

gravity  at 

60«  F.). 

other  then 

60"  F.). 

60"  F. 

%  ■ 

•!?•. 

Ctibkfeet. 

Percent. 

Pounds. 

Pounds. 

a 

877 

-12.3 

0.6841 

58.82 

86.97 

10 

897 

-10.3 

0.6689 

56.41 

84.33 

20 

918 

-  8.2 

0.6536 

54.04 

82.69 

32 

943 

-  5.7 

0.6362 

51.36 

80.73 

40 

959 

-  4.1 

0.Q256 

49.68 

79.43 

50 

980 

-  2.0 

0.6124 

47.63 

77.77 

60 

1,000 

0.0 

0.6000 

45.67 

76.12 

70 

1,020 

+  2.0 

0.5879 

43.78 

74.48 

80 

1,041 

+  4.1 

0.5763 

41.96 

72.83 

90 

1,061 

+  6.1 

0.5662 

40.23 

71.10 

100 

1,082 

+  8.2 

0.5545 

38.56 

69.55 

no 

1,102 

+10.2 

0.5442 

36.95 

67.90 

120 

1,122 

+12.3 

0.5343 

35.40 

66.20 

130 

1,143 

+14.3 

0.5247 

34.10 

54.62 

140 

1,163 

+16.3 

0.5157 

32.47 

62.98 

160 

1,184 

+18.4 

0.5067 

31.07 

61.33 

160 

1,204 

+20.4 

0.4981 

29.72 

59.69 

170 

1,226 

+22.5 

0.4898 

28.42 

58.06 

180 

1,245 

+24.5 

0.4818 

27.17 

66.40 

190 

1,266 

+26.6 

0.4739 

25.94 

54.76 

200 

1,286 

+28.6 

0.4665 

24.78 

53.12 

210 

1,306 

+30.7 

0.4591 

23.63 

51.48 

212 

1,311 

+31.1 

0.4576 

23.41 

51.16 

o  Westoott,  H.  P.,  Handbook  of  natural  gas,  Erie,  Pa.,  1913,  p.  379. 
SPECIFIC   GRAVITY   AND   BAUMfi   SCALE    COMPARED, 

Table  14  shows  Baum6  hydrometer  readings  from  10°  to  90°  B. 
with  corresponding  specific  gravity,  and  also  the  corresponding 
weight  of  gasoline  in  pounds  per  United  States  gallon  at  60°  F. 
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Table  14. — Baume  scale  and  speci/U  gravity  equivalents, ^ 


•B. 

Spedflo 

Pounds 
in 

•B. 

Specific 

Pounds 
in 

•  B 

Spedflo 

Ptmndt 
in 

gravity. 

gallon. 

gravity. 

gallon. 

^m 

gravity. 

gallon. 

10 

1.000 

8.33 

37 

0.8383 

6.99 

64 

0.7216 

6.01 

11 

0.9929 

8.27 

38 

O.K««( 

6.94 

65 

0.7179 

5.96 

12 

0.9859 

8.21 

39 

0.8284 

6.90 

66 

0.7143 

5.96 

13 

0.9790 

8.15 

40 

0.8236 

6.86 

67 

0.7107 

6.02 

14 

0.9722 

8.10 

41 

0.8187 

6.82 

^68 

0.7071 

5.89 

15 

0.9G55 

8.04 

42 

0.8140 

6.78 

60 

0.7035 

5.86 

16 

0.9589 

7.99 

43 

0.8092 

6.74 

70 

0.7000 

5.83 

17 

0.9524 

7.93 

44 

0.8046 

6.70 

71 

,0.6965 

5.80 

18 

0.9459 

7.88 

46 

0.8000 

6.66 

72 

0.6031 

6.77 

19 

0.9396 

7.83 

46 

0.7956 

6.62 

78 

0.6897 

5.74 

20 

0.9333 

7.77 

47 

0.7910 

6.59 

74 

0.6863 

5.71 

21 

0.9272 

7.72 

48  . 

0.7865 

6.56 

75 

0.6829 

5.00 

22 

0.9211 

7.67 

48 

0.7821 

6.51 

76 

0.6796 

5.66 

23 

0.9150 

7.62 

60 

0.7778 

6.48 

77 

0.6763 

5.63 

24 

0.9091 

7.57 

61 

0.7735 

6.44 

78 

0.6731 

6.60 

26 

0.9032 

7.62 

62 

0.7692 

6.40 

79 

0.6699 

5.58 

26 

0.8974 

7.47 

63 

0.7660 

6.37 

80 

0.6677 

5.65 

27 

0.8917 

7.42 

64 

0.7609 

6.33 

81 

0.6635 

5.52 

28 

0.8861 

7.38 

66 

0.7568 

6.30 

82 

0.6604 

5.50 

29 

0.8805 

7.33 

66 

0.7527 

6.27 

83 

0.6573 

5.47 

30 

0.8750 

7.29 

67 

0.7487 

6.23 

84 

0.6542 

6.45 

31 

0.8096 

7.24 

68 

0.7447 

6.20 

85 

0.6512 

5.42 

32 

0.8642 

7.20 

69 

0.7407 

6.17 

86 

0.6482 

5.40 

33 

0.8580 

7.15 

60 

0.7368 

6.13 

87 

0.6452 

5.37 

34 

0.8537 

7.11 

61 

0.7330 

6.10 

88 

0.6422 

5.35 

35 

0.8485 

7.07 

62 

0.7292 

6.07 

80 

0.6393 

5.33 

36 

0.8434 

7.02 

63 

0.7254 

6.04 

90 

0.6364 

5.30 

a  U.  S.  Bureau  of  Standards,  United  States  standard  tables  for  petroleum  oils.  Circular  57, 1916,  p.  R 

NoTB.— Decrees  Baum6  mav  be  converted  to  si)eciflc  gravity  by  adding  130  to  the  nombOT  of  degnv 
Baum^  and  dividing  the  sum  by  140. 

CAPACITIES   OF   ORIFICES. 

Table  15  shows  the  capacities  of  orifices,  for  testing  small  flows  of  | 
natural  gas,  ranging  from  one-eighth  of  an  inch  to  11  inches  is 
diameter  in  plates  one-eighth  of  an  inch  thick. 
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OIL-STORAGE  TANKS  AND  RESERVOIRS,  WITH  A  BRIEF 

DISCUSSION  OF  LOSSES  OF  OIL  IN  STORAGE 

AND  METHODS  OF  PREVENTION. 


By  C.  P.  Bowie. 


nrTEODTJCTioir. 

The  Bureau  of  Mines  has  been  conducting  investigations  with  the . 
view  of  determining  the  types  of  containers  best  adapted  to  the  stor- 
age of  oil.  These  investigations  have  shown  that  tanks  composed 
wholly  of  steel  give  the  best  results.  Where  larger  containers  than 
it  is  feasible  to  build  with  steel  are  desired,  concrete-Hned  reservoirs 
can  be  recommended  for  some  grades  of  oil.  Practically  all  such 
containers  in  use  at  present  have  wooden  roofs  and  this  type  of 
construction  is  here  described,  although  it  is  the  belief  of  the  writer 
that  concrete  roofs  would  be  far  more  satisfactory  in  every  way,  and 
that  the  difference  in  cost  between  a  concrete  and  a  wooden  roof 
would,  as  a  rule,  in  a  few  years'  time,  be  oflFset  by  a  saving  of  oil  and 
in  cost  of  repairs  and  renewals. 

TANK  FARMS. 

Storage  facilities^  whether  steel  tanks  or  reservoirs,  are  grouped 
together  in  what  are  known  as  "storage  farms,"  some  of  which  in  the 
United  States  already  have  capacities  in  excess  of  24,000,000  barrels. 
The  ideal  site  for  a  farm  is  on  ground  that  is  comparatively  level. 
Tanks,  which  are  usually  of  37,000  to  56,000  barrel  capacity,  are  placed 
about  500  feet  center  to  center,  making  the  distance  shell  to  shell 
about  400  feet.  Each  tank  is  then  surrounded  by  a  levee  of  suffi- 
cient height  to  hold  the  entire  content  of  the  tank,  as  shown  on  Plate 
I,  A.  In  many  instances  these  levees  are  circtilar  and  are  themselves 
inclosed  by  a  system  of  rectangular  levees,  built  equidistantly  between 
tanks,  and  dividing  the  whole  farm  into  a  system  of  checkerboard 
squares,  the  tanks  being  at  the  centers  of  the  squares.  Shotild  any  one 
tank  catch  fire  it  is  thus  isolated  from  its  neighbors,  and  even  though  it 
may  bum  until  its  entire  contents  are  consimied,  if  the  levees  are 
properly  constructed  it  will  do  so  without  undue  menace  to  the  other 
tanks.    As  regards  large  reservoirs  of  500,000  to  1,000,000  barrel 
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capacity,  it  is  of  course  not  practical  to  make  the  empounding  area 
of  a  surrounding  levee  of  sufficient  size  to  hold  the  entire  contents 
of  the  reservoir.  Nevertheless,  levees  between  reservoirs  are  advis- 
able, and  it  is  the  practice  to  provide  them.  Levees  are  to  be 
discussed  more  fully  in  a  subsequent  publication  on  fire  protection 
to  be  issued  by  the  Bureau  of  Mines. 

SIZES  OF  STEEL  TANKS. 

.  Steel  tanks  for  the  storage  of  oil  are  manufactured  in  various  sizes 
up  to  66,000-barrel  capacity.  These  have  a  diameter  of  114  feet  6 
inches  and  are  30  feet  high.  The  usual  size  is  the  55,000-barrel  tank, 
although  the  Standard  Oil  Co.,  especially,  is  using  great  numbers  of 
37,000-barrel  tanks.  Tanks  may  be  erected  by  contract  or  by  the 
owners.  However,  for  various  reasons,  the  contract  method  is  gen- 
erally preferable.  Under  this  method  the  company  furnishes  the 
grades  on  which  the  tanks  are  placed,  and  transportation  of  men  and 
materials  from  the  nearest  railroad  station;  the  contractors  furnish 
the  material,  the  railroad  transportation,  and  all  labor  for  erection. 

TANK  QBADBS. 

As  to  tank  grades,  it  is  well  to  note  in  passing  that  too  much  care 
can  not  be  exercised  in  their  preparation.  They  should  be  either  all  in 
fill  or  all  in  excavation  and  carefully  graded  to  a  true  level  surface. 
Plate  I,  By  shows  the  method  of  setting  grade  stakes.  A  tank  built 
partly  on  filled  groimd  and  partly  on  excavated  ground  is  in  constant 
danger  of  being  disrupted  at  the  point  where  the  foundation  goes 
from  cut  to  fill,  as  the  filled  part  of  the  foundation  will  settle,  whereas 
the  part  in  cut  ground  probably  wiU  not,  or  at  least  not  to  so  great  a 
degree.  Where  it  is  necessary  to  build  up  a  grade,  the  best  policy 
is  to  fill  the  entire  area  to  approximately  the  same  depth,  so  as  to 
insTU*e  as  uniform  settling  as  possible.  It  is  good  practice,  also, 
unless  the  length  of  haul  is  excessive,  to  use  the  Fresno  type  of  grader 
and  to  distribute  the  dirt  in  thin  layers,  allowing  the  stock  to  pass 
back  and  forth  over  the  loose  material  as  often  as  feasible.  Puddling 
the  grade  in  filled  ground  is  also  good  practice. 

As  the  bottom  of  the  tank  is  composed  of  relatively  thin  plates, 
every  precaution  should  be  taken  to  prevent  its  deteric^ration  from  the 
corrosive  action  of  alkaline  salts  contained  in  the  soil  upon  which  it 
rests,  and  also  from  similar  chemical  action  by  reason  of  water  leak- 
ing through  an  imperfect  seam  and  forming  a  puddle  beneath  the 
plates. 

To  eliminate  as  far  as  possible  the  detrimental  effect  of  soil  corro- 
sion, several  inches  of  oil  sand  is  usually  placed  on  the  surface  of  the 
completed  grade,  or  if  this  is  impracticable,  the  completed  surface  is 
oiled,  and  the  oil  worked  in  3  to  4  inches  by  rakes.    The  tank  bot- 
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TANK  SPECIFICATIONS.  6 

torn  is  thoroughly  coated  with  a  good  quality  of  asphaltic  or  other 
rust-resisting  paint  before  being  lowered  onto  the  grade.  Plate  I,  C, 
shows  a  tank  bottom  in  course  of  construction. 

TANK  SPECIFICATIOirS. 

Perhaps  no  better  description  of  a  steel  tank  can  be  given  than  that 
furnished  by  a  recital  of  the  specifications  covering  its  erection  and 
the  material  of  which  it  is  composed.  Following  are  such  specifica- 
tions for  a  tank  of  66,000-baiTel  capacity,  of  steel  construction 
throughout,  and  of  a  type  known  to  the  trade  as  ''gas-tight.''  This 
capacity  of  tank  is  considered  to  be  the  largest  practicable  for 
fabrication  and  construction  in  the  field,  and  the  type  of  steel  tank 
best  adapted  to  the  storage  of  petroleum  products  so  far  as  r^ards 
fire  hazards  and  losses  by  ^seepage  and  evaporation. 

Specifications  for  55,000-Barrel  a  Steel  Tank  wrrn  Steel  Roof. 

The ,  in  itself  or  by  its  duly  authorized  representative,  shall  be  referred 

to  in  these  specifications  as  the  ''Company." 

The  firm  undertaking  to  furnish  and  erect  the  tank  herein  described,  in  itself  or  by 
its  duly  authorized  representative,  shall  be  referred  to  in  these  specifications  as  the 
"Contractor." 

At  aU  times  during  the  progress  of  the  fabrication  of  the  tank  material  or  erection 
of  the  tank,  the  Contractor  shaU  designate  some  person  as  his  representative,  to  whom 
instructions  may  be  given  by  a  duly  authorized  representative  of  the  Company. 

(1)  Location, — ^Tank  to  be  erected  upon  foimdation  prepared  by  the  C<»Qpany. 

(2)  Freight  arid  hauling, — ^The  Contractor  shall  deliver  all  tank  material,  tools,  and 
appliances  f.  o.  b.  cars  nearest  railroad  station.  The  Company  shall  haul  all  tank 
material,  tods,  and  appHancee  necessary  for  the  .construction  of  the  tank  from  the 
railroad  station,  and  shall  deliver  same  within  100  feet  of  the  tank  site,  and  on  com- 
pletion of  the  work  shall  return  tools  and  appliances  to  the  railroad  station. 

(3)  Drawings.-— The  following  drawings  form  an  integral  part  of  and  are  to  be  used 
in  conjunction  with  these  specifications:  Plates  II,  III,  IV,  V,  VI,  VII,  and  VIII. 

(4)  Dimensions. — ^Diameter,  114  feet  6  inches,  average  inside  measurement;  height, 
30  feet. 

(5)  Material, — ^All  material  for  the  tank  shall  be  of  steel,  complying  with  Standard 
Specifications  for  Structural  Steel  of  the  American  Society  for  Testing  Materials 
(copy  of  which  is  hereto  attached).  Contractor  to  furnish  a  certificate  from  an 
approved  firm  of  testing  engineers  covering  all  materials  used,  but  such  certificate 
shall  not  act  to  prevent  Company  exercising  the  right  to  reject  imdergaged  plates 
or  defective  material  wherever  it  may  be  found. 

Tank  to  be  composed  of  6  rings  of  equal  height,  as  shown  on  Plate  II.  Plates  to 
be  of  uniform  size  with  minimum  dimensions,  as  hereinafter  designated. 

All  plates  shall  be  ordered  to  gage,  permissible  variations  to  be  in  accord  with 
specifications  for  structural  steel  above  referred  to. 

(6)  Punching  and  riveting,  etc. — ^Plates  and  angles  for  the  shell  of  the  tank  must  be 
rolled  to  proper  curvature. 

Plates  and  angles  must  be  pimched  from  the  sides  that  are  to  be  in  contact,  and 
the  punching  must  be  so  accurate  that  the  holes  will  match  within  10  per  cent  of 
their  diameter  when  plates  are  assembled.    Holes  for  hot  rivets  shall  be  punched 

a  43>gaUon  barrels. 
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not  more  than  one-dxteenth  of  an  inch  laiger  in  diameter  than  the  rivets  that  axe  to 
fill  them. 

Riveting  shall  be  done  with  pneumatic  tools,  an  air  pressure  of  approximately  90 
pounds  per  square  inch  at  the  receiver  being  used.  Rivets  must  conform  with  the 
specifications  in  diameter,  length,  pitch,  and  marginal  distance.  Should  any  burned, 
deformed,  or  loose  rivets  be  found  in  ^e  work,  they  are  to  be  cut  out  and  replaced. 
No  calking  of  rivets  will  be  allowed .  Riveting  of  the  bottom  sheets  shall  be  done  from 
the  inside;  all  other  riveting,  including  riveting  of  the  bottom  to  the  bottom  angle, 
and  of  the  roof,  shall  be  done  from  the  outside.  All  rivets  one-half  inch  in  diameter  or 
larger  shall  be  driven  hot. 

(7)  Calking, — ^AU  edges  to  be  calked  shall  be  beveled  by  planiug.  All  seams  must 
be  thoroughly  calked  with  a  round-nosed  pneumatic  calking  tool.  The  shell  of  the 
tank  shall  be  formed  by  ascending  inside  courses  calked  on  the  outside.  Bottom 
plates  to  be  calked  on  the  inside  except  at  angle  iron,  where  they  are  to  be  calked  <m 
the  outside,  and  both  1^  of  angle  iron  shall  be  calked  inside.  Angle  irons  to  be 
butt  calked  at  joints. 

All  roof  plates  to  be  calked  from  the  outside  of  tank,  this  to  include  also  calking  at 
top  angle  iron. 

All  castings,  nozzles,  flanges,  and  manheads  riveted  to  the  tank  must  be  calked 
thcffoug^y  inside  and  outside. 

(8)  TeiUng  the  bottom. — Upon  completion  of  the  bottom  and  the  first  ring  of  the  shell, 
and  before  the  bottom  has  been  lowered  to  the  ground,  the  bottom  shall  be  covered 
with  water  to  a  depth  of  not  less  than  5  inches,  and  all  leaks  that  develop  shall  be  made 
tig^t  to  the  satisfaction  of  the  Company  or  its  duly  authorize4  representative  before 
any  lowering  is  done.  Necessary  water  for  the  testing  shall  be  furnished  by  the  C<Mn- 
pany  for  one  test  only.  Should  additional  tests  be  made,  water  will  be  charged  to  the 
contractor  at  cost. 

(9)  Tkicknesi  of  metal,  spacing  ofrivetSf  etc, — The  thickness  of  metal,  the  spacing  of 
rivets,  and  the  like,  shall  be  as  set  forth  in  the  following  table: 

Tkicknesi  of  metal,  spacing  of  rivets,  etc,,  prescribed  for  tank  covered  by  these  specifications. 


Put. 


Bottom  sketch  platee 

Bottom  rectangular  plates... 

Flrttrlng 

Second  ring 

Third  ring 

Fourth  ring 

Fifth  ring 

SLcthring 

Bod  plates 


Thiok- 


Tndus. 


Weight 

per 

square 

foot. 


Poundi. 
12.75 
10.20 
22.96 
20.40 
10.68 
12.76 
10.20 
10.20 
7.06 


Horicontal  riyet- 

ing~aU  single 

rows* 


Diam- 
eter of 
rivets. 


Indtea. 


I 


ntoh. 


Indu*. 

I 

2 

P 

2 


Vertiealrivetiiig. 


Rows. 


Triple.. 
. .  .do. . . . 
Double. 
...do.... 
...do.... 
...do.... 


Diam- 
eter of 
rivets. 


Jfuskett 


Fitch. 


3 
8 


Distance 


rows, 
center  to 
centw. 


/iidbet. 


(10)  Siu  of  plates  and  angles, — Plates  for  shell  shall  be  60  by  180  inches  center  to 
center  of  rivet  laps  (24  plates  per  ring).  Bottom  and  top  rectangular  plates  shall  be 
dO  by  180  inches  center  to  center  of  rivet  laps.  Bottom  angle  irons  connecting  the 
bottom  and  the  shell  shall  be  4  by  4  inches  by  {  inch.  Top  angle  iron  connecting  the 
roof  wi^  the  shell  shall  be  3  by  3  inches  by  }  inch. 
'11)  Angle  shoes. — Shoes  uniting  ends  of  angles  shall  be  made  of  j-inch  16-pound 
el,  and  shall  be  not  less  than  12  inches  in  length  with  the  ends  drawn  to  a  thin  edge. 


fTS  Off  ZS  AC. 
fg   Oft    2-a9k'j9.^. 


2  >V<!V7V^  -  ^OA 


TANK  SPECIFICATIONS.  7 

Shoes  must  be  set  between  steel  angles,  shell  and  bottom  of  tank,  and  must  be  of  suffi- 
cient width  to  be  properly  calked  outside  the  line  of  the  steel  angles. 

(12)  ShelL — ^The  shell  shall  be  composed  of  6  courses,  as  shown  on  Plate  II, 
each  course  to  be  a  true  circle  and  to  be  free  from  flaws  and  buckles.  The  first  two 
coiusee,  counting  from  the  bottom  upward ,  are  to  have  the  vertical  seams  triple  riveted . 
The  third,  fourth,  and  fifth  courses  are  to  have  the  vertical  seams  double  riveted. 
All  horizontal  seams  are  to  be  single  riveted. 

(13)  Roof, — Roof  to  be  composed  of  -^inch  steel  plates  weig^iing  7.65  pounds  per 
square  foot,  and  to  rest  on  steel  roof  supports  as  shown  on  Plate  III.  The  roof, 
however,  shall  not  be  riveted  to  roof  supports  at  any  point.  When  complete  the  roof 
must  be  ''gas  tight,''  and  shall  show  no  leaks  when  tested  with  an  air  pressure  equal 
to  the  weight  of  the  roof. 

(14)  Roof  supports, — Roof  supports  shall  be  constructed  of  steel  shapes  as  shown  on 
Plate  III.  Size  and  fabrication  to  conform  to  those  shown,  and  workmanship  to  be 
approved  by  the  Company. 

(15)  Manholes, — ^Two  manholes  shall  be  placed  in  the  first  course  of  tank,  as  desig- 
nated by  the  Company  in  the  field.  Each  manhole  shall  be  20  inches  deep,  and  ehM 
be  made  of  steel  with  welded  seam,  weighing  not  less  than  21  pounds  per  square 
foot.  Neck  of  flange  must  be  covered  to  suit  radius  of  tank  shell .  The  manhole  shall 
be  fitted  with  steel  cover  plate  five-ei^ths  inch  thick,  faced  and  pimched  to  suit 
holes  in  flange,  and  bolted  to  flange  with  24  {-inch  square-head  bolts  and  hexagon 
nuts.  The  manhole  shall  be  riveted  to  tank  shell  with  }-inch  rivets,  as  shown  on 
Plate  II. 

(16)  Pipe  flanges,  nozzles,  etc, — ^The  tank  shall  be  furnished  with  the  following 
pressed-steel  flanges  secured  to  the  shell  with  f-inch  diameter  rivets.  Position  to  be 
designated  in  field  by  the  Company .  One  pair  of  flanges  to  be  threaded  for  8-inch  pipe 
for  drawing  off  water.  One  pair  of  flanges  to  be  threaded  for  8-inch  pipe  for  oil-inlet 
pipe.  Bottom  of  tank  to  be  fitted  with  one  single  flange  threaded  for  8-inch  pipe, 
secured  to  bottom  of  tank  with  ^inch  rivets,  location  to  be  designated  in  the  field  by 
the  Company.  Roof  of  tank  to  be  fitted  with  two  8-inch  and  one  4-inch  pressed-steel 
flanges  located  in  field  by  the  C<Hnpany,  also  with  manholes  and  gage  hatch,  as  shown 
in  detail  on  Plate  III. 

Tank  to  be  fitted  with  one  combined  swing  pipe  and  suction  nozzle,  as  shown  in 
detail  on  Plate  II.  Nozzle  to  be  made  of  single-lap  forge-weld\Bd  steel  plate  J  inch 
thick,  and  to  be  secured  to  shell  of  tank  in  position  located  in  the  field  by  the  Com- 
pany, with  a  double  row  of  {-inch  rivets,  as  shown  on  drawing.  Swing  pipe  and 
suction  end  of  nozzle  to  be  fitted  with  cast-steel  flange,  as  shown. 

(17)  Swing  pipe, — Contractor  shall  supply  and  install  swing  pipe  as  shown  in  detail 
on  Plate  IV.  Swing  pipe  to  be  delivered  on  the  job  so  that  it  may  be  placed  (but  not 
installed)  inside  of  the  tank  shell  as  soon  as  the  bottom  is  tested  and  lowered.  Con- 
tractor will  not  be  permitted  to  lift  the  swing  pipe  over  the  shell  of  the  tank  after  more 
than  the  first  ring  of  the  tank  is  in  position. 

(18)  Double-swivel  joint  for  swing  pipe, — Contractor  shall  supply  and  install  to  the 
satisfaction  of  the  Company  a  double-swivel  elbow  joint  for  connecting  the  swing 
pipe  to  the  swing-pipe  nozzle.  Details  for  this  swivel  joint  are  shown  on  Plate  V. 
Construction  of  joint  must  follow  closely  details  as  per  drawing. 

(19)  Stairway. — ^The  Contractor  shall  furnish  and  install  a  stairway  anchored  to 
the  shell  of  the  tank  and  running  from  the  groimd  to  the  top  of  the  tank,  as  shown  on 
Plate  VI.  This  stairway  shall  be  equipped  with  door  covered  with  No.  12  wire 
screen,  |-inch  mesh,  as  shown  on  Plate  VI. 

(to)  Explosion  JuUches,— The  tank  shall  be  equipped  with  eight  explosion  hatches 
to  be  located  on  roof  of  tank  in  field  as  designated  by  the  Company.  Details  of  explo- 
sion hatches  are  shown  on  Plate  VII.  These  explosion  hatches  are  to  be  furnished 
by  Contractor  and  must  conform  closely  to  drawing.    Braes  rods  must  be  true  and 
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smoothly  turned,  and  must  be  accurately  fitted  in  babbitted  bearings,  as  shown,  in 
order  that  aluminum  cover  of  hatch  will  rise  without  binding. 

(21)  Cable  guides  and  stuffing  &02;.— Tank  shall  be  provided  with  cable  guides  and 
stuffing  box  for  cable,  as  shown  in  detail  on  Plate  YIII.  One  hundred  feet  of  f-incb 
diameter  6-strand  19-wire  plow-steel  galvanized-wire  cable  shall  be  furnished  by 
Contractor.  Sheave  wheels  for  cable  must  be  accurately  centered  and  supports 
securely  riveted  to  tank  shell  and  calked  inside  and  outside  of  tank. 

(22)  Smng-pipe  winch. — Swing-pipe  winch  shall  be  furnished  by  Contractor  as  per 
detail  shown  on  Plate  YIII,  and  shall  be  placed  in  position  by  Contractor  where 
designated  by  the  Company. 

(23)  Painting. — ^The  outside  of  the  tank,  including  the  top,  shall  be  painted  with 
one  coat  of  asphaltic,  graphite,  or  other  paint  approved  by  the  Company,  to  be  spread 
on  with  brush  and  to  thoroughly  cover  the  metal.  The  bottom  of  the  tank  shall  be 
painted  with  three  coats  of  the  same  paint,  at  least  6  hours  being  allowed  for  each  suc- 
cessive coat  to  dry. 

(24)  Inspection. — ^All  material  and  workmanship  shall  be  subject  at  all  times  to  the 
inspection  of  the  Company  or  its  duly  authorized  representative,  and  any  defective 
material,  whether  discovered  before  or  after  it  has  been  used  in  the  work,  shall  be  re- 
placed in  the  construction  by  the  Contractor  at  his  own  expense.  Contractor  shall 
also  furnish  transportation  from  railroad  to  tank  site  for  such  new  material. 

(25)  Final  test. — ^Upon  the  completion  of  the  tank,  and  before  it  is  inspected,  it  may 
be  ^ed  with  oil  or  water  at  the  option  and  expense  of  the  Company,  and  any  leaks 
that  develop  shall  be  made  tight  to  the  satisfaction  of  the  Company  by  the  Contractor 
at  his  own  expense. 

(26)  Boarding  of  work  crew. — ^The  Contractor  shall  provide  board,  lodging,  and  trsDB- 
portation  for  his  men  at  all  times.  Commissary  water  will  be  furnished  by  the  Com- 
pany. Purifying  of  same,  where  necessary,  to  be  done  by  the  Contractor.  No  inUm- 
eating  liquors  shall  be  permitted  on  the  premises. 

(27)  Workmanship. — ^The  work  throughout  shall  be  done  in  a  first-class  workman- 
like manner,  and  only  men  competent  in  their  line  shall  be  employed  about  the  work. 
Upon  demand  of  the  Company,  or  its  duly  auth(»rized  representative,  any  workman 
who  in  the  judgment  of  the  Company  is  found  to  be  incompetent,  careless,  or  intem* 
perate  shall  be  dismissed. 

(2S)  Extra  work. — ^These  plans  and  specifications  are  intended  to  describe  a  cooi' 
plete  oil-tight  and  gas-tight  tank.  Any  work  and  material  necessary  to  produce  such 
a  tank,  although  not  mentioned  in  the  specifications  or  shown  on  the  plans,  shaU  be 
supplied  by  the  Contractor  without  extra  cost  to  the  Ccmipany.  The  C<Hnpany  ^ 
not  pay  for  extra  work  unless  it  has  been  executed  on  a  written  order  by  the  Compfli^y> 
or  its  duly  authorized  representative. 

(29)  Rubbish. — On  completion  of  the  work  all  useless  material  used  in  tlie  con- 
struction shall  be  cleared  away  from  inside  and  outside  the  tank,  and  shall  be  remo^ 
to  such  a  point  upon  the  premises  as  may  be  designated  by  the  Ccnnpany. 

(SO)  Camp  sanitation. — The  Contractor  shall  at  all  times  maintain  his  boarding 
house,  sleeping  quarters,  and  all  other  appurtenant  facilities  in  a  sanitary  coDdit3<>n 
to  the  satisfaction  of  the  Company. 
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not  more  than  one-flizteenth  of  an  inch  laiger  in  diameter  than  the  riveta  tktn 
fill  them. 

Riveting  shall  be  done  with  pneumatic  tools,  an  air  pressure  of  approxiniAtf. 
pounds  per  square  inch  at  the  receiver  being  used.  Rivets  must  confonn  niti 
specifications  in  diameter,  length,  pitch ,  and  maigina]  distance.  Should  uy  bc:- 
deformed,  or  loose  rivets  be  found  in  ^e  work,  they  are  to  be  cut  out  and  repL 
No  calking  of  rivets  will  be  allowed .  Riveting  of  the  bottom  sheets  shall  be  doo^rir: 
the  inside;  all  other  riveting,  including  riveting  of  the  bottom  to  the  bottom  c- 
and  of  the  roof,  shall  be  done  from  the  outside.  All  rivets  one-half  inch  in  diam^ 
laiger  shall  be  driven  hot. 

(7)  Calking. — ^All  edges  to  be  calked  shall  be  beveled  by  planing.    All  s&mz: 
be  thoroughly  calked  with  a  round-nosed  pneumatic  calking  tool.    The  afaelic'. 
tank  shall  be  formed  by  ascending  inside  courses  calked  on  the  outside.  B^~ 
plates  to  be  calked  on  the  inside  except  at  angle  iron,  where  they  are  to  be  calkcc 
the  outside,  and  both  1^  of  angle  iron  shall  be  calked  inside.    Angle  irais  t 
butt  calked  at  joints. 

All  roof  plates  to  be  calked  from  the  outside  of  tank,  this  to  include  also  cilb:- 
top  angle  iron. 

All  castiogs,  nozzles,  flanges,  and  manheads  riveted  to  the  tank  must  becii- 
thoroug^y  inside  and  outside. 

(8)  Tating  the  bottom, — ^Upon  completion  of  the  bottom  and  the  first  ring  of  thei^ 
and  before  the  bottom  has  been  lowered  to  the  ground,  the  bottom  shall  be  ci' ' 
with  water  to  a  depth  of  not  less  than  5  inches,  and  all  leaks  that  develop  shall  beiu 
ti^t  to  the  satisfaction  of  tiie  Company  or  its  duly  authorize4  representative  bf ' 
any  lowering  is  done.  Necessary  water  for  the  testing  shall  be  furnished  by  the 
pany  for  one  test  only.  Should  additional  tests  be  made,  water  will  be  cbaiged  t 
contractor  at  cost. 

(9)  Thiekne8g  ofwutal,  spacing  of  rivets,  etc.—The  thickness  of  metal,  the  ^pAci^ 
rivets,  and  the  like,  shall  be  as  set  forth  in  the  following  table: 

Thickness  ofmetal,  spacing  of  rivets,  etc.,  prescribed  for  tankeoveredby  these  spedfai^ 
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(10)  Siu  of  plates  and  angles. ^Fl&teB  for  shell  shall  be  60  by  180  incheB  ce&ter 
center  of  rivet  laps  (24  plates  per  ring).    Bottom  and  top  rectangular  plates  ^^ 
dO  by  180  inches  center  to  center  of  rivet  laps.    Bottom  angle  irons  cooa^^f^ 
bottom  and  the  shell  shall  be  4  by  4  inches  by  |  inch .    Top  angle  iron  codds^^" 
roof  witii  the  shell  shall  be  3  by  3  inches  by  }  inch. 

(11)  Angle  shoes. — Shoes  uniting  ends  of  angles  shall  be  made  of  j-inch  ^^^ 
steel,  and  shall  be  not  less  than  12  inches  in  length  with  the  ends  drawn  to  a  thi]^^ 
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AMSBICAH  SOCIETY  FOR  TSSTINa  MATEBIALB. 

Philadelphia,  Pa.,  U.  S.  A. 

Afliliated  with  the 

International  Association  for  Testing  Materials. 

STANDARD  SPECIFICATIONS 

FOB 

STRUCTURAL  STEEL  FOR  BUILDINGS. 

Serial  designation:  A  9-16. 
Adopted  1901;  revised  1909, 1913, 1914, 1916. 

r.  Manufactubb. 

1.  (a)  Structural  steel,  except  as  noted  in  paragraph  6,  may  be  made  by  the  Besse- 
mer or  the  open-hearth  process. 

(6)  Rivet  steel,  and  steel  for  plates  or  angles  over  }  inch  in  thickness  which  are 
to  be  punched,  shall  be  made  by  the  open-hearth  process. 

II.  Chemical  Pbopebties  and  Tests. 

Cli«mioal  eompositloii. 

2.  The  steel  shall  conform  to  the  following  requirements  as  to  chemical  composition: 

Structural  steel.  Rivet  steel. 

pi^      Ij^rug/Bessemer Not  over  0.10  per  cent. 

^         lOpen-hearth Not  over  0.06  per  cent.  Not  over  0.06  per  cent. 

Sulphur Not  over  0.045  per  cent. 

lAdle  analysei. 

3.  An  analysis  of  each  melt  of  steel  shall  be  made  by  the  manufacturer  to  determine 
the  percentages  of  carbon,  manganese,  phosphorus,  and  sulphur.  This  analysis  shall 
be  made  from  a  test  ingot  taken  during  the  pouring  of  the  melt.  The  chemical  com- 
position thus  determined  shall  be  reported  to  the  purchaser  or  his  representative,  and 
shall  conform  to  the  requirements  specified  in  section  2. 

Check  analyes. 

4.  Analyses  may  be  made  by  the  purchaser  from  finished  material  representing  each 
^melt.    The  phosphorus  and  sulphur  content  thus  determined  shall  not  exceed  that 

specified  in  section  2  by  more  than  25  per  cent. 

III.  Physical  Pbopebties  and  Tests. 
Tension  testi. 

5.  (a)  The  material  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 


Properties  considered. 

structural  steeL 

Rivet  steel. 

Tensile  strength,  pounds  per  square  Inch 

Yield  point,  mhumum,  pounds  per  square 
inch. 

Elongation  in  8  inches,  fnifiimutn,  per  cent. . . 

Elongation  in  2  Inches,  minimum,  per  cent. . . 

66,000  to  fl5,000 

0.6  tensile  strength 

1,400,000       ^ 

Tensile  strength 

22 

46,000  to  66,000. 
0.5  tensile  strength. 

1,400,000 

I'ensile  strength 

a  See  section  6. 


(6)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing 
machine. 
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ModlflofttioBi  In  elongmtloiL 

6.  (a)  For  structural  steel  over  }  inch  in  thickness,  a  deduction  of  1  from  the  per- 
centage of  elongation  in  8  inches  specified  in  section  5,  a,  shall  be  made  for  each 
increase  of  }  inch  in  thickness  above  }  inch,  to  a  minimum  of  18  per  cent. 

(6)  For  structural  steel  under  ^  inch  in  thickness,  a  deduction  of  2.5  from  the  per- 
centage of  elongation  in  8  inches  specified  in  section  5,  a,  shall  be  made  for  each 
decrease  of  ^  inch  in  thickness  below  i^  inch. 

B«Bd  tSftf. 

7.  (a)  The  test  specimen  for  plates,  shapes,  and  bars,  except  as  specified  in  pan- 
graphs  b  and  c,  shall  bend  cold  through  180  degrees  without  cracking  on  the  outside 
of  the  bent  portion,  as  follows :  For  material }  inch  or  under  in  thickness,  flat  on  itself; 
for  material  over  }  inch  to  and  including  1}  inches  in  thickness,  around  a  pin  the 
diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for  material  over  1| 
inches  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thick- 
ness of  the  specimen. 

(6)  The  test  specimen  for  pins,  rollers,  and  other  bars,  when  prepaied  as  q^ecified 
in  section  8,  e,  shall  bend  cold  through  180  degrees  around  a  1-inch  pin  without  cfaddog 
on  the  outside  of  the  bent  portion. 


1/ 
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FiouBE  1.— Form  and  dimensions  of  test  specimen  for  tension  and  bend- 
ing tests  of  plates,  shapes,  and  bars. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  degrees  flat  on  i^ 
without  cracking  on  the  outside  of  the  bent  portion. 

Test  ipedmeiu. 

8.  (a)  Specimens  for  tension  and  bending  tests  shall  be  taken  from  rolled  8^^  ^ 
the  condition  in  which  it  comes  from  the  rolls,  except  as  specified  in  paragrap"^  • 

(6)  Specimens  for  tension  and  bending  tests  of  pins  and  rollers  shall  be  taken  ^^^ 
the  finished  bars,  after  anneaUng  when  annealing  is  specified. 

(c)  Specimens  for  tension  and  bending  tests  of  plates,  shapes,  and  bais.  ^^^^  . 
specified  in  paragraphs  (/,  «,  and  /,  shall  be  of  the  full  thickness  of  material  ^  ^\^ 
and  may  be  machined  to  the  form  and  dimensions  shown  in  figure  1,  or  with  v^ 
edges  parallel. 

id)  Specimens  for  tension  and  bending  tests  of  plates  over  1 J  inches  in  *^*^*vj 
may  be  machined  to  a  thickness  or  diameter  of  at  least  }  inch  for  a  length  of  at  lev* 
9  inches. 

(e)  Specimens  for  tension  tests  of  pins,  rollers,  and  bars  more  than  IJ  inches  in  thi 
ness  or  diameter  may  conform  to  the  dimensions  shown  in  figure  2.    In  this  case 


ends  shall  be  of  a  form  to  fit  the  holders  of  the  testing  machine  in  such  a  way 
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load  shall  be  axial.  Bend  test  specimens  may  be  1  by  }  inch  in  section.  The  axis 
of  the  specimen  shall  be  located  at  any  point  midway  between  the  center  and  surfiice 
and  shall  be  parallel  to  the  axis  of  the  bar. 

(/)  Specimens  for  tension  and  bending  tests  of  rivet  steel  shall  be  of  the  full-flize 
ection  of  bars  as  rolled. 

Vmnber  of  tests. 

9.  (a)  One  tension  and  one  bending  test  shall  be  made  of  material  from  each  melt; 
except  that  if  material  from  one  melt  differs  |  inch  or  more  in  thickness,  one  tension 
and  one  bending  test  shall  be  made  from  both  the  thickest  and  the  thinnest  material 
rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be 
discarded  and  another  specimen  substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen  is  less  than  that 
specified  in  section  5,  a,  and  any  part  of  the  fracture  is  more  than  }  inch  from  the 
center  of  the  gage  length  of  a  2-inch  specimen  or  is  outside  the  middle  third  of  the 
gage  length  of  an  8-inch  specimen,  as  indicated  by  scribe  scratches  marked  on  the 
specimen  before  testing,  a  retest  shall  be  allowed. 
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FiausE  2.— Form  and  dimensions  of  test  specimen  for  tension  tests  of 
pins,  rollers,  and  bars  more  than  1}  inches  thick. 

IV.  Permissible  Variations  in  Weight  and  Thickness. 

Ptznlsstble  Tazlations. 

10.  The  cross  section  or  weight  of  each  piece  of  steel  shall  not  vary  more  than  2.5 
per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations.  One  cubic  inch  of  rolled  steel  is 
assumed  to  weigh  0.2833  pound. 

(a)  When  ordered  to  weight  per  square  foot:  The  weight  of  each  loto  in  each 
shipment  shall  not  vary  from  the  weight  ordered  more  than  the  amount  given  in 
Table  1. 

(6)  When  ordered  to  thickness:  The  thickness  of  each  plate  shall  not  vary  more 
than  0.01  inch  under  that  ordered. 

The  overweight  of  each  lot  &  in  each  shipment  shall  not  exceed  the  amount  given 
in  Table  2. 

a  The  term  "lot "  applied  to  Table  1  means  all  of  the  plates  of  each  group  width  and  group  weight. 
5  The  term  "lot ''  applied  to  Table  2  means  all  of  the  plates  of  each  group  width  and  group  thickness. 
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V.  Finish. 
Finish. 

11.  The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  sl 

workmanlike  finish. 

VI.  Marking. 
MarUng. 

12.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly- 
stamped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other 
small  sections  shall,  when  loaded  for  shipment,  be  properly  separated  and  marked 
for  identification.  The  identification  marks  shall  be  legibly  stamped  on  the  end  of 
each  pin  and  roller.  The  melt  number  shall  be  legibly  marked,  by  stamping  if 
practicable,  on  each  test  specimen. 

VII.  Inspection  and  Rejection. 

13.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the 
manufacturer's  works  that  concern  the  manufacture  of  the  material  ordered.  The 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy 
him  that  the  material  is  being  furnished  in  accordance  with  these  specifications. 
All  tests  (except  check  analyses)  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be'  so  conducted  as 
not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accordance 
with  section  4  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Material  that  shows  injurious  defects  subsequent  to  its  acceptance  at  the 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  will  be  notified. 

Rehearing. 

15.  Samples  tested  in  accordance  with  section  4,  which  represent  rejected  material, 
shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing 
within  that  time. 

DISCXTSSIOH  OF  TAKE  SPECIFICATIOHS. 

SAND-LINE  OONSTBXTCTION. 

Although  the  modem  steel  taak  of  lai^e  capacity,  as  in  use  to-day, 
has  proven  itself  admirably  designed  to  withstand  the  pressure 
brought  to  bear  upon  it  from  within,  it  is,  nevertheless,  poorly 
equipped  against  wind  stresses  from  without.  The  type  of  steel  roof 
with  steel  supports  described  in  the  foregoing  specifications  is  con- 
sidered by  many  engineers  to  be  sufficiently  rigid  to  insure  the  tank 
against  any  damage  from  the  wind.  Nevertheless,  although  the 
writer  has  visited  practically  all  the  lai^e  oil-storage  centers  in  the 
United  States,  and  has  not  foimd  a  single  properly  constructed  steel- 
topped  tank  with  steel  roof  supports  that  has  collapsed  during  a  wind 
storm,  ho  believes  that  the  so-called  sand-line  construction  for  over- 
coming wind  stresses  can  not  be  too  strongly  recommended,  and  in 
localities  subject  to  wind  storms  should  be  used  in  all  types  of  large 
steel  tanks — those  having  steel  roofs  as  well  as  those  with  wooden 
roofs  on  wooden  roof  supports. 
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This  method  of  wind  bracing  is  of  reasonable  cost,  is  effective,  and 

is  easily  applied  to  any  tank.     It  consists  of  stringing  f-inch  flexible 

steel  cables  across  4  diameters  of  the  tank,  and  at  such  distances  apart 

that  the  tank  area  is  divided  into  45°  segments,  giving  the  appearance, 

in.  horizontal  projection,  of  spokes  in  a  gigantic  wheel.     Two  sets  of 

cables  are  generally  used — one  in  a  plane  about  10  feet  above  the 

bottom  of  the  taiU^,  and  the  other  20  feet  above  the  bottom,  the 

''spokes''  in  the  two  planes  being  staggered  so  that  the  shell  in  a 

55,000-barrel  tank  is  wind-braced  at  intervals  of  approximately  20 

feet  along  its  periphery.     Some  engineers  place  3  sets  of  cables,  the 

topmost  being  attached  to  the  top  angle  iron.    This  precaution  may 

well  be  used  for  wooden-roof  tanks  with  wooden  roof  supports,  but 

should  not  be  necessary  when  steel  construction  is  used  throughout. 

Formerly  old   sand   lines  that  had  been  discarded  from  drilling 

rigs  were  used — hence  the  name.     However,  for  obvious  reasons,  the 

use  of  such  lines  is  not  good  practice.     Cables  about  a  drilling  rig 

are  seldom  discarded  imtil  they  have  become  badly  worn  and  their 

tensile  strength  consequently  so  much  decreased  that  there  is  danger 

that  the  line  will  break  imder  any  heavy  strain,  with  disastrous 

results. 

The  lines  are  fastened  to  the  shell  of  the  tank  by  small  angle  irons 
riveted  to  it,  or  by  through-going  eyebolts  each  of  which  is  provided 
with  a  nut,  washer,  and  gasket  on  either  side  of  the  plate.  At  the 
center  of  the  tank  the  lines  are  attached  to  a  heavy  steel  ring  sur- 
roimding  the  center  post,^  and  each  radius  or  ''spoke''  is  provided 
with  a  tumbuckle,  so  that  a  practically  imiform  tension  may  be 
obtained  on  all  lines,  and  whatever  adjustment  from  time  to  time  is 
necessary  to  keep  this  tension  constant, can  be  made.  As  the  center 
ring  can  easily  be  constructed  in  two  sections,  this  type  of  wind 
bracing  can  readily  be  applied  to  completed  tanks  as  well  as  to  those 
in  process  of  erection.  The  only  precaution  necessary  is  to  see  that 
the  diameters  upon  which  the  lines  are  strung  are  chosen  so  as  to 
clear  the  roof  supports. 

TANK  HOOFS. 

The  tank  roof  specified  is  composed  of  material  of  sufficient  thick- 
ness to  permit  calking.  Some  companies  prefer  to  use  a  lighter  plate 
and  to  get  the  necessary  tightness  at  the  seams  by  using  a  thread 
"weave"  immersed  in  red  lead  and  placed  between  the  laps  of  the 
sheets  before  they  are  riveted  together.  This  method  cuts  down  the 
cost  of  construction  by  decreasing  the  amount  of  metal  used,  but  is 
criticized  by  many  on  the  groimd  that  the  light  hydrocarbon  gases 
rising  from  the  oil  will  in  time  '*cut"  the  saturating  material  of  the 
thread  "weave"  and  completely  destroy  the  tightness  of  the  joint. 
A  further  objection  put  forth  is  that  the  roof  of  a  tank  is  the  part 
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that  deteriorates  most  rapidly  owing  to  the  action  of  these  same  hy- 
drocarbon gases,  especially  if  the  oil  contains  any  appreciable  amount 
of  sulphur,  and  a  plate  thinner  than  that  which  can  be  successfiiUjr 
calked  (three-sixteenths  of  an  inch)  is  undesirable.    On  the  other 
hand,  the  objection  can  be  raised  to  the  use  of  the  heavier  material 
not  only  that  it  increases  the  cost  of  the  tank,  but  that  a  roof  is 
continuously  subject  to  expansion  and  contraction  stresses  as  well  as 
to  atmospheric  pressures  which  cause  it  to '  ^breathe."    Thus  the  seams 
are  subjected  to  distortion  and  it  is  questionable  whether  a  calked 
joint  can  be  kept  tight. 

SIZE  OF  PLATES. 

The  size  of  plate  ordinarily  used  for  the  shell  of  the  tank  is  about 
5  feet  wide  by  15  feet  long  (24  sheets  to  the  ring).    Six  of  such  rings 
are  required  to  obtain  the  necessary  height  of  tank.     Some  com- 
panies, however,  notably  the  Shell  Oil  Co.  of  Califomia,  are  using 
sheets  of  sufficient  width  to  require  only  4  rings  for  a  30-foot  tank. 
They  are  approximately  7  feet  6  inches  wide  and  18  feet  long.     By- 
using  plates  of  such  size  it  is  possible  to  eliminate  two  horizontal 
seams  and  four  vertical  seams,  thus  lessening  the  length  of  calke^ 
joints  in  the  shell  by  more  than  15  per  cent.    On  the  other  hand, 
the  amoimt  of  metal  in  the  shell  of  a  4-ring  tank  is  necessarily 
more  than  in  a  &-ring  tank  because  of  the  thickness  of  material 
required  to  satisfy  proper  engineering  design  and  the  impracticability 
of  rolling  a  taper  sheet.     It  is  argued  that  if  any  extra  thickness  of 
metal  is  to  be  used,  it  should  be  put  into  the  top  or  the  bottom  plates, 
as  these  are  subject  to  the  greatest  deterioration  by  corrosive  action, 
and  not  into  the  vertical  shell.    Fiu'ther,  the  laps  of  sheets  when 
properly  riveted  and  calked  seldom  leak,   and  if  leaks  do  occur, 
they  can  be  easily  repaired  because  of  their  accessibility. 

SWING  PIPES. 

The  swing  pipes  used  by  the  various  companies  are  all  of  the  same 
general  type,  differing  only  as  to  details  of  construction.  They 
range  in  size  from  6  to  24  inches  in  diameter,  depending  upon  the 
gravity  of  the  oil  to  be  handled  and  the  size  of  suction  line  that  they 
feed.  Some  operators  equip  their  swing  pipes  with  floats,  making 
it  possible  to  draw  the  oil  from  a  point  always  at  a  certain  definite 
distance  below  the  smface  by  merely  ''slacking  up''  on  the  cable 
sufficiently  to  allow  the  float  to  carry  the  full  weight  of  the  pipe. 
There  is  the  disadvantage,  however,  that  shotdd  it  be  necessary  at 
any  time  to  raise  the  swing  pipe  when  the  tank  is  empty,  the  float 
makes  the  pipe  unwieldy  to  handle,  and  if  the  pipe  is  made  up  of 
thin  sheets  of  riveted  plate,  the  usual  practice,  the  resulting  strain 
may  produce  leaky  joints. 
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SWIVEL  JOINTS  FOB  SWING  PIPES. 

Swivel  joints  for  swing  pipes  are  of  numerous  types,  varying  in 
construction  from  two  elbows  connected  by  a  short  nipple,  the  threads 
of  which  furnish  the  necessary  movement  for  raising  and  lowering  the 
end  of  the  pipe,  to  somewhat  ciunbersome  and  elaborate  castings 
employing  diverse  types  of  stuflSng  boxes  to  obtain  the  necessary 
movement  required  for  the  swing. 

The  swivel  joint  prescribed  in  the  specifications  presented  appeals 
to  the  writer  as  one  of  the  best  of  the  stuflBng-box  type.  It  is  com- 
posed of  two  cast-iron  tees,  one  of  which  may  be  a  standard  stock 
fitting,  and  the  other  arranged  with  stuffing  boxes  upon  which  the 
swing  is  made.  This  type  of  fitting  can  be  easily  and  eflfectively 
supported  from  the  bottom  of  the  tank,  and  as  the  swing  pipe  has  a 
bearing  on  both  sides  of  its  axis,  the  possibility  of  leakage  occmring 
in  the  s^tuflSng  boxes  by  reason  of  the  joint  opening,  as  may  occur  if 
the  bearing  is  on  one  side  of  the  axis  only,  is  eliminated. 

STAIRWAYS. 

Stairways  should  be  of  steel  throughout.  A  wooden  structure, 
even  though  it  is  kept  well  painted,  which  is  seldom  done,  soon 
beoomes  a  serious  fire  hazard  because  of  the  seasoning  and  checking 
of  the  lumber.  In  such  a  condition  it  is  also  a  menace  to  employees 
on  account  of  the  liunber  becoming  brittle.  Numerous  varieties  of 
steel  stairways  are  in  use.  The  one  shown  in  Plate  VI  is  perhaps 
as  simple  as  any.  Some  companies  have  the  top  of  the  stairway 
about  2§  feet  below  the  roof  of  the  tank,  the  top  tread  being  extended 
to  form  a  smaU  platform,  as  shown  in  Plate  IX,  A.  The  gage  hatch 
is  placed  to  the  right  of  the  center  of  the  stairway  close  to  the  tank 
shell  so  as  to  be  in  easy  reach  of  the  gager  from  the  platform.  If 
the  swing  pipe  is  operated  from  the  groimd,  the  gager  does  not  have 
to  go  on  top  of  the  tank,  so  that  in  obtaining  his  sample  he  is  at  all 
times  protected  by  the  hand  railing  on  the  stairway.  Tank  builders 
will  usually  supply  without  chaise  an  iron  ladder  riveted  to  the  shell. 
However,  as  this  is  at  all  times  more  or  less  coated  with  oil  it  can 
not  be  considered  other  than  a  positive  danger  to  anyone  required  to 
use  it,  and  especially  to  a  man  who  has  a  case  of  sample  bottles 
strapped  to  his  back,  and  whose  hands  are  necessarily  smeared  with 
oil.  A  tank  without  a  stairway,  preferably  of  steel  leading  from 
the  ground  to  the  roof  is  not  adequately  equipped. 

EXPLOSION  DOOBS. 

Many  companies,  es|>eciaUy  those  operating  in  California,  do  not  pro- 
vide explosion  doors  for  tanks  other  than  those  used  for  the  storage  of 
light  refined  products,  as  gasoline  and  kerosene.    As  the  California 
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fields  are  seldom  visited  by  electrical  storms  and  the  crude  oils  held  in 
storage  are  practically  all  of  low  gravity  and  of  asphaltum  base,  the 
dangers  of  fires  from  that  source  are  comparatively  remote,  and  the 
need  of  providing  for  such  exigencies  is  perhaps  not  so  urgent  as  in 
localities  subject  to  electrical  storms.  However,  in  those  sections 
where  electrical  storms  are  common  (which  seem  to  include  all  fields 
in  the  United  States  except  those  in  CaUfomia)  it  is  believed  that 
explosion  doors  should  be  provided  for  all  storage  tanks  whethw  they 
contain  crude  oil  or  hght  refined  products. 

Although  it  is  obviously  impracticable  to  attempt  to  design  explo- 
sion doors  of  sufficient  area  to  take  care  of  extreme  conditions,  as 
when  a  tank  becomes  almost  completely  filled  with  a  mixture  of  hydro- 
carbon gases  and  air  in  the  proportion  best  suited  for  rapid  oxidation, 
it  must  be  remembered  that  such  conditions  seldom,  if  ever,  exist. 
Storage  tanks  when  the  oil  is  quiescent  are  usually  kept  full,  and 
those  from  which  oil  is  constantly  being  drawn  and  replaced  would 
probably  only  occasionally  contain  the  theoretical  mixture  conducive 
to  explosion,  there  being  most  of  the  time  a  mixture  either  too  rich 
in  hydrocarbons  or  too  rich  in  air.    Therefore,  the  writer  believes 
that  where  a  tank  is  ignited,  the  chances  are  in  favor  of  the  possibility 
of  saving  at  least  the  shell  from  injury,  if  not  also  the  roof,  by  pro- 
viding a  reasonable  number  of  vents  through  which  a  part  of  the 
pressure  caused  by  an  expansion  of  gas  may  be  reUeved.     Eight 
explosion  doors,  each  having  an  area  of  approximately  9  square  feet, 
are  prescribed  in  the  specifications. 

This  type  of  door  consists  essentially  of  an  aluminum  plate  J  inch 
thick  which  covers  a  circular  hatch,  and  has  a  flange  near  its  circum- 
ference fitting  into  a  trough  about  2  inches  deep,  surroimding  the  upper 
edge  of  the  hatch.     The  trough  is  filled  with  a  mixture  of  paraffin 
and  oil,  or  sand  and  oil,  to  form  a  seal.     The  cover  plate  sUdes  on  a 
brass  rod  2  inches  in  diameter,  as  shown  on  Plates  VII  and  X,  A, 
The  upper  end  of  the  rod  is  supported  by  a  plate  1 8  inches  above  tho 
top  of  the  hatch,  which  is  held  in  place  by  angular  supports  2  J  by  2^ 
inches  by  J  inch.     This  rod  fits  in  babbitt  bearings  at  the  top  at  the 
point  where  it  passes  through  the  aluminum  plate,  and  in  the  spider 
beneath  the  plate.     It  is  supported  at  the  top  bearing  by  a  metal  cap 
and  hangs  loose  so  that  it  is  free  to  move  on  all  three  bearings  if 
necessary.    If  an  explosion  occurs  the  pressure  on  the  bottom  of  the 
aluminum  plate  is  of  the  same  intensity  over  its  entire  area.    Should 
the  bearing  between  the  plate  and  the  brass  guide  rod  stick,  the 
plate  could  stiU  move  upward  by  carrying  the  rod  with  it.     When 
the  pressure  is  released  after  the  escape  of  the  gas,  the  plate  slides 
down  the  rod  by  its  own  weight  and  closes  the  opening. 
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VACXniM  BELIEF  VALVES. 

A  good  type  of  vacuum  relief  valve  to  permit  air  to  enter  the  tank 
when  oil  is  being  withdrawn  is  shown  in  Plate  X,  A.  This  consists  of 
an  ordinary  stock  swing-check  so  mounted  that  the  check  will  operate 
to  relieve  a  pressure  from  without.  The  lower  face  of  the  outside 
elbow  is  usually  fitted  with  a  flange  and  a  fine-meshed  wire  gauze. 

TANKS  WITH  WOODEN  KOOFS. 

Many  companies,  especially  those  handling  heavy  oils,  are  still 
constructing  tanks  with  wooden  roofs.     The  roofs  are  composed  of 
sbeatbing  1  by  6  inches  or  1  by  12  inches,  generally  sized,  but  some- 
times laid  on  rough,  on  rafters  2  by  8  inches,  supported  by  girders 
5  by  12  inches  or  6  by  12  inches,  resting  on  posts  6  by  6  inches. 
Footing  blocks  2  by  8  inches  and  about  3  feet  long  are  usually 
provided  for  the  posts.    The  tops  of  the  posts  where  girders  join  are 
also  provided  with  corbels  of  the  same  size  and  material  as  the 
footing  blocks.    The  posts  are  tied  together  in  each  successive  ring 
by  sway  braces  of  material  1  by  6  inches,  placed  diagonally.    Some 
builders  also  tie  the  rings  of  posts  together  at  various  points.     This 
practice,  however,  is  not  general  and  is  of  questionable  benefit  as 
regards  strengthening  the  structiu'e. 

The  sheathing  boards  are  usually  covered  with  a  good  grade  of 
roofing  paper  which  is  essentially  a  deadening  felt  rendered  water- 
proof by  having  been  inunersed  in  a  hot  solution  of  asphaltic  material, 
and  then  rolled  xmder  heat  and  pressure.  Roof  coverings  are  also 
built  up  with  layers  of  building  paper  or  burlap  coated  and  stuck 
together  with  asphaltxun,  and  having  a  pebble  fijiish  on  top.  Such 
coverings  shotdd  not  be  appUed  to  a  newly  constructed  roof  before  it 
has  had  time  to  season  thoroughly,  as  the  limiber  in  seasoning  will 
almost  surely  tear  the  covering  apart  in  some  places  and  badly 
pucker  it  in  others. 

Sheet  iron  is  also  used  for  a  covering  for  wooden  roofs.  The 
writer  has  seen  some  such  roofs  so  well  constructed  that  to  all  appear- 
ances they  do  not  leak  water  and  are  reasonably  tight  even  to  the 
passage  of  gases.  This  construction  has  the  disadvantage  that  the 
nails  used  for  fastening  on  the  iron  will  soon  become  loose  in  the 
sheathing  on  account  of  the  wood  having  shrunk  or  become  brash. 
There  is  the  danger  therefore  that  during  a  storm  the  wind  may  get 
a  foothold  imder  a  sheet  so  loosened  and  tear  a  considerable  part  of 
the  iron  from  the  sheathing.  This  same  objection  holds  true  with 
the  paper-covered  roof.  Once  the  covering  of  a  wooden  roof  is 
gone,  the  wind  will  often  wreck  the  sheathing  and  rafters  as  well. 
Wooden  roofs  and  wooden  roof  supports  are  objectionable  also  as 
regards  fire  hazard.  Although  it  may  bo  possible  to  extinguish 
burning  oil  in  a  tank  by  steam  or  a  blanket  of  foam,  neither  of  thesr 
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methods  is  necessarily  effective  in  putting  out  a  fire  on  the  roof,  so 
that  smoldering  embers  may  be  continually  dropping  back  into  the 
tank  only  to  reignite  the  whole  mass,  no  matter  how  often  the  bletze 
along  the  surface  of  the  oil  may  have  been  quenched. 

COST  OF  TANKS. 

On  account  of  the  uncertainty  of  the  market  price  of  maniif  ac- 
tiffed  products  generally,  owing  to  the  present  European  war,  it  is 
hardly  feasible  to  estimate  the  cost  of  steel  tankage  based  on  present 
figures  as  six  months  or  a  year  hence  the  estimate  may  be  abnor- 
mally high  or  abnormally  low.    At  the  time  of  the  outbreak  of  the 
war,  August,  1914,  a  tank,  such  as  the  one  described  with  steel  roof, 
could  have  been  built  at  a  cost  of  30  to  32  cents  a  barrel,  depending 
on  the  location.    At  present  the  cost  would  be  42  to  45  cents  a 
barrel,  whereas  wooden-roofed  tanks,  which  a  little  over  three  years 
ago  were  being  erected  for  25  to  27  cents  a  barrel,  are  now  worth 
37  to  40  cents  a  barrel.     These  figures  are  for  completed  tanks 
equipped  with  necessary  swing  pipe  and  fittings,  and  closed  ready  for 
the  receipt  of  the  oil,  but  do  not  include  the  grades  for  the  tanks, 
nor  pipe  lines  between  tanks. 

COirCBETE  BESEBVOIBS. 

As  stated  at  the  outset,  only  concrete-lined  reservoirs  are  here 
described  in  detail.  Although  a  few  companies  at  present  store 
oil  in  earthen  reservoirs  without  concrete  linings,  the  writer  has 
been  impressed  with  the  fact  that  even  the  officials  of  these  com- 
panies do  not  in  any  way  recommend  this  type  of  storage,  but 
state  that  they  are  using  it  only  as  an  emergency  measure,  or  for 
heavy  asphaltic  base  oils,  which,  owing  to  an  overproduction,  had 
first  been  stored  for  so  long  a  time  in  tanks  that  practically  all  the 
Ughter  more  volatile  products  had  disappeared  before  they  ware 
put  into  the  earthen  reservoirs.  The  majority  of  such  containers 
have  been  lined  with  several  feet  of  clay,  or  some  other  close-grained 
impervious  earth. 

Most  of  the  concrete-lined  reservoirs  in  use  in  the  United  States 
are  to  be  found  in  California.  In  that  State  there  are  an  aggregate 
of  29  such  reservoirs,  having  a  total  capacity  of  nearly  19,000,000 
barrels.  They  are  situated  either  in  the  oil  fields  themselves  or  at 
various  points  along  the  coast,  and  are  used  exclusively  for  fuel  oils 
varying  in  gravity  from  14°  to  18°  B.  The  lighter  refining  crudes 
are  without  exception  stored  in  steel  tanks. 

SPBCIFIOATIONS  FOB  OOKOBBTE  BBSBBVOIBS. 

Typical  specifications  for  this  class  of  containers  are  presented 
below.    The  particular  container  described  has  an  extreme  outaide 
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diameter  of  488  feet,  a  total  depth  of  about  25  feet,  and  a  slope  on 
tlcie  aides  of  1  to  1.  The  roof  is  constructed  of  wood  covered  with 
roofing  paper.    The  specifications  follow. 

BPXCXFXCATZOFS  FOR  COVSTBVCTZOir  OF  COKCRXTS-LZinBD  OIL-STORAOS 

RX8ERV0ZR. 

SECTION  I.— GENERAL  REQUIREMENTS. 

(1)    DEFINITION. 

Tlie Company  in  itself,  or  by  its  duly  authorized  representative,  shall  be 

referred  to  in  these  specifications  as  the  '' Company.'' 

Tlie  firm  undertaking  to  furnish  the  material  and  erect  the  reservoir  as  herein 
specified,  in  itself,  or  by  its  duly  authorized  representative,  shall  be  referred  to  in 
tiiese  specifications  as  the '  *  Contractor. '  * 

At  alL  times  during  the  progress  of  the  work  the  Contractor  shall  designate  some  per- 
son as  liis  representative  to  whom  instructions  may  be  given  by  duly  authorized  repre- 
sentatives of  the  Company. 

(2)   LiOCATION. 

The  reservoir  shall  be  located  on  the  land  of  the  Company  in  sec.  — ,  T.  — ,  R.  — . 
(3)  DRAwmos. 

The  drawings  listed  below,  showing  the  details  of  the  construction  of  the  reservoir, 
are  hereby  made  a  part  of  these  specifications:  Plates  XI,  XII,  XIII,  XIV,  and  XV. 

The  drawings  and  specifications  are  intended  to  supplement  each  other,  so  that  the 
work  described  in  the  drawings  and  not  mentioned  in  the  specifications,  or  vice 
versa,  is  to  be  executed  by  the  Contractor  as  if  it  were  both*  mentioned  in  the  specifica- 
tions and  shown  on  the  drawings. 

(4)  Shape  and  Plan  of  Constbuction. 

The  reservoir  shall  be  circular  in  plan,  as  shown  on  Plate  XI,  and  shall  be  con- 
structed by  making  an  excavation  and  constructing  aroimd  the  excavation,  with  the 
excavated  material,  an  earthem  embankment.  The  area  within  the  inner  crest  of 
the  embankment  shall  then  be  covered  with  a  wooden  roof,  after  which  the  bottom 
and  the  sides  of  the  place  inclosed  shall  be  lined  with  concrete. 

(5)  Dimensions,  Slopes,  Abbas,  and  Capacitt  of  Embankments. 
The  dimensions  of  the  reservoir  ^fe  as  follows: 

Inside  diameter  at  top,  488  feet. 

Inside  diameter  at  bottom,  437  feet  6  inches. 

Maximum  depth,  approximately  25  feet  11  inches. 

The  slopes  of  the  embankment  shall  be  as  follows: 

Slope  of  embankment  inside  reservoir,  1  horizontal  to  1  vertical. 

Slope  of  embankment  outside  reservoir,  2  horiz<mtal  to  1  vertical. 

Slope  of  embankment  top  of  reservoir,  24  horizontal  to  1  vertical. 

The  width  of  the  embankment  on  top  shall  be  15  feet.  The  area  of  the  bottom 
will  be  approximately  150,330  square  feet.  The  area  of  the  sides  will  be  53,200 
square  feet;  total  area,  203,530  square  feet;  capacity,  in  barrels  of  42  gallons  each, 
approximately  750,000. 

(6)  WOBKMANSmP. 

All  work  in  connection  with  the  construction  of  the  reservoir  must  be  done  in  a  neat 
workmanlike  manner,  and  to  the  entire  satis^tion  of  the  Company,  or  its  duly 
authorized  representative. 
(7)  Inspection  of  Matebial. 

All  material  furnished  by  the  Contractor  as  herein  specified  shall  be  of  the  best  of 
its  respective  kind,  and  shall  at  all  times  be  subject  to  inspection  by  the  Company 
or  its  duly  authorized  representative,  and  any  material  that  shall  be  found  defective 
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and  be  condemned  by  the  Company  must  be  removed  immediately  by  the  Contractor 
and  replaced  by  acceptable  material. 

(8)  Damages. 

The  Contractor  shall  at  all  times  be  responsible  for  damages  to  material  that  is 
stored  in  the  vicinity  of  the  reservoir  site  during  the  process  of  its  construction,  and 
the  Contractor  shall  make  good  such  damaged  material  by  supplying  new  material 
from  time  to  time  at  his  own  cost  and  expense  as  directed  by  the  Company.  The 
Contractor  shall  also  be  responsible  for  any  damages  done  to  the  reservoir,  or  to  any 
part  of  it,  or  to  any  property  of  the  Company  upon  which  the  reservoir  is  situated, 
caused  by  the  carelessness  or  negligence  of  any  of  his  employees.  The  Contractor 
shall  also  be  liable  for  all  damages  to  tools,  implements,  and  equipment  furnished 
by  him  during  the  progress  of  the  work. 

(9)  Cars  op  Men.  » 
The  Contractor  shall  have  complete  responsibility  for  the  care  of  the  men  in  his 

employ,  and  shall  be  liable  for  all  damages  by  accident  to  such  employees.  He  shall 
furnish  the  necessary  commissary  for  feeding  his  men,  and  shall  provide  necessary 
tents,  temporary  houses,  and  equipment  for  sleeping  quarters. 

(10)  Incompetent  Employees. 

The  Contractor  shall  furnish  only  such  men  for  the  prosecution  of  the  work  as  are 
competent  in  their  particular  line  of  employment.  If  any  employee  is  judged  incom- 
petent by  the  Company  or  its  duly  authorized  representative  then  the  Contractor 
shall  immediately  remove  such  employee  and  shall  not  again  employ  him  upon  the 
work. 

SECTION  II.— EARTHWORK. 

(1)  Nature  op  the  Work. 

The  work  to  be  done  under  this  section  consists  of  excavating  the  necessary  earth 
from  the  interior  of  the  reservoir  and  depositing  such  excavated  material  in  the  em- 
bankments surrounding  the  reservoir,  in  accordance  wifh  plans  hereto  attached. 

(2)  Equipment. 

The  Contractor  shall  supply  all  the  necessary  labor,  tools,  and  equipment,  including 
picks,  shovels,  drills,  '^fresno  "  scrapers,  wheel  scrapers,  road  machines,  tampers,  and 
teams,  and  whatever  equipment  is  necessary  for  properly  carrying  on  the  work. 

(3)  Grade  Stakes. 

The  Company  shall  place  grade  stakes  wherever  required  about  the  reservoir,  and 
the  completed  excavations  and  fills  shall  conform  truly  to  the  slope  and  outline  as 
determined  by  such  grade  stakes,  and  the  Company  shall  not  be  responsible  for  nor 
shall  it  pay  for  any  work  that  does  not  conform  to  such  grade  stakes.  The  Contractor 
and  his  employees  shall  at  all  times  exercise  due  caution  in  caring  for  grade  stakes  afl 
set  by  the  Company,  and  any  employee  willfully  destroying  such  stakes  shall  be 
immediately  discharged  by  the  Contractor. 

(4)  Excavation. 

The  exact  amount  of  excavation  shall  be  governed  by  the  material  that  must  be 
excavated,  and  shall  be  determined  by  the  Company  from  time  to  time  during  the 
progress  of  the  work.  Should  it  be  necessary  in  the  opinion  of  the  Company  at  any 
time  to  excavate  more  material  from  within  the  reservoir  than  originally  intended, 
or  to  excavate  material  from  borrow  pits,  the  exact  amount  of  such  excavation  shall 
be  carefully  determined  by  the  Company  by  cross  section,  and  the  additional  yardage 
shall  be  paid  for  at  the  same  rate  as  the  >'aidage  from  the  original  excavation. 

(5)  Stripping  the  Surpace  Soil. 

The  Contractor  shall  first  strip  the  entire  site  of  the  reservoir,  both  that  portion  io 
cut  and  that  pcMlion  to  be  covered  by  embankment,  of  all  vegetable  matter  and  top 
soil.  This  stripping  shall  extend  to  a  depth  of  at  least  8  inches  below  the  surface  and 
to  whatever  greater  depth  may  in  the  judgment  of  the  Company  be  required.    T^ 
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material  so  stripped  shall  be  removed  from  the  area  and  placed  in  fire  levees  surround- 
ing the  reservoir  site,  or  at  other  points  in  the  vicinity  of  the  reservoir,  as  directed  by 
the  Company. 

(6)  Oil  and  Water  Drains. 

Two  12-inch  oil  lines  and  one  8-inch  water  drain  shall  be  placed  beneath  the  em- 
bankment, as  shown  on  Plate  XII,  at  such  positions  as  shall  be  designated  by  the  Com- 
pany. 

Ditches  for  these  pipes  shall  be  dug  by  the  Contractor  immediately  after  the  surface 
soil  has  been  stripped.  Pipe  shall  be  furnished  and  laid  by  the  Company.  The 
Contractor,  however,  shall  do  th4  work  of  backfilling  the  ditches,  also  of  placing  the 
concrete  blocks,  as  shown  on  Plate  XII. 

(7)  Building  up  the  Embankment. 

The  area  beneath  the  embankment  shall  be  plowed  by  the  Contractor,  thoroughly 
harrowed,  and  moistened  with  water  to  the  satisfaction  of  the  Company.  The  em- 
bankment shall  then  be  built  with  material  excavated  from  within  the  reservoir,  or, 
if  need  be,  from  pits  in  the  vicinity  of  the  reservoir.  The  material  may  be  excavated 
and  placed  in  the  embankment  by  wheel  scrapers,  "fresno"  scrapers,  or  wagons.  It 
shall,  however,  not  be  deposited  in  layers  more  than  3  inches  thick,  and  where 
necessary  road  machines  shall  be  employed  to  insure  the  proper  spreading  of  the 
material  in  the  embankment.  Under  no  conditions  shall  material  be  dumped  onto 
the  embankment  in  a  pile  and  not  spread. 

All  material  placed  in  the  embankment  shall  be  moistened  with  water  before 
being  loaded  into  the  scrapers  or  wagons,  and  shall  again  be  moistened  after  having 
been  spread.  Any  excavated  material  from  within  the  reservoir  that,  in  the  judg- 
ment of  the  Company,  is  not  fit  to  be  placed  in  the  embankment  shall  be  placed  by 
the  Contractor  at  a  point  outside  the  reservoir  site,  as  designated  by  the  Company. 

When  the  material  has  been  placed  in  thin  layers  in  the  embankment  and  mois- 
tened as  specified,  it  shall  then  be  tamped  by  at  least  two  roller  tampers  of  the  sheep's 
foot  type.  Each  tamper  shall  be  drawn  by  a  4-hor8e  team,  and  shall  be  driven  around 
the  top  of  the  fill,  making  at  least  10  complete  circuits  of  the  reservoir  per  hour. 

Water  for  wetting  material  shall  be  furnished  by  the  Company,  and  shall  be  brought 
by  the  Company  in  water  mains  surroimding  the  outer  circumference  of  the  reservoir 
and  at  a  distance,  of  about  20  feet  from  the  outside  toe  of  the  embankment.  The 
Contractor  shall  furnish  and  shall  lay  all  necessary  laterals  from  this  water  main 
into  the  reservoir  site,  and  shall  move  such  laterals  from  time  to  time  as  may  be 
required  by  the  progress  of  the  work. 

(8)  Borrow  Pits. 

Where  necessary,  borrow  pits  shall  be  designated  by  the  Company  in  the  vicinity 
of  the  reservoir  site.  The  nearest  rim  of  such  a  borrow  pit  shall  be  at  a  distance  not 
less  than  200  feet  from  the  outer  toe  of  the  reservoir  embankment,  and  the  farthest 
rim  of  such  a  borrow  pit  shall  be  at  a  distance  not  to  exceed  400  feet  from  the  toe  of 
the  embankment.  If  it  is  necessary  to  so  locate  a  borrow  pit  that  its  nearest  rim  is  a 
greater  distance  than  600  feet  from  the  outer  toe  of  the  reservoir  embankment,  the 
Contractor  shall  receive  extra  compensation  for  the  removal  of  such  material  as  shall 
be  determined  on  at  the  time. 

(9)  Runways  to  Embankment. 

In  the  construction  of  the  embankment  the  Contractor  shall  build  runways  for  the 
removal  of  the  material  from  the  excavation  inside  the  reservoir  to  the  embankment. 
These  runways  shall  be  located  by  the  Company,  and  shall  be  spaced  at  a  distance 
not  less  than  100  feet  apart.  The  scrapers,  wagons,  teams,  etc.,  in  carrying  the  dirt 
from  the  excavation  to  the  embankment  shall  be  driven  up  one  nmway  and  shall  re- 
turn to  the  excavation  along  the  top  of  the  embankment  and  down  the  next  adjacent 
nmway. 
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(10)  The  iNsroE  Slope. 

To  obtain  a  homogenous  and  compact  surface  to  the  inner  slope  of  the  embankment, 
the  inner  slope  shall  be  built  and  finished  in  the  following  manner.  The  embankment 
of  the  reservoir  shall  first  be  built  up  as  above  provided  in  these  specifications.  The 
excavation  shall  be  so  made  that  the  inner  slope  shall  be  about  the  width  of  a  wheel 
scraper  beyond  the  line  of  the  desired  finished  slope,  beginning  at  the  bottom  of  the 
reservoir  which  shall  be  excavated  for  a  distance  of  about  one  foot  below  the  position 
of  the  concrete  lining.  The  inner  slope  shall  then  be  built  up  by  material  excavated 
from  within  the  reservoir,  deposited  by  wheel  scrapers  in  thin  horizontal  layers,  and 
shall  be  moistened  and  thoroughly  tiunped  by  the  «heep  's  foot  tampers.  This  inner 
embankment,  or  earthen  lining,  shall  be  boimd  to  the  original  embankment  and  slope 
by  first  plowing  or  otherwise  roughening  the  original  slope  and  embankment.  When 
this  lining  is  thus  built  up  it  shall  be  allowed  to  stand'  for  at  least  3  days  before  being 
trimmed  to  grade.  The  inner  face  of  the  embankment  so  built  up  shall  then  be  trim- 
med to  a  true  and  even  slope  to  conform  with  the  dimensions  of  the  reservoir  as  herein 
set  forth. 

(11)  Top  op  the  Embankment. 

The  top  of  the  embankment  shall  be  built  at  least  2  inches  higher  than  the  finished 
top,  and  shall  be  made  smooth  and  even  and  brought  to  proper  grade. 

(12)  Outside  Slope. 

As  herein  specified,  the  outside  slope  of  the  embankment  shall  be  2  horizontal  to 
1  vertical.  It  shall  be  built  up  compactly,  and  neatly  finished,  and  upon  completion 
shall  be  oiled  by  the  Contractor  for  a  distance  of  3  feet  beyond  the  toe  of  the  embank- 
ment. Oil  shsdl  be  furnished  by  the  Company  on  the  ground  and  the  Contractor 
shall  provide  the  necessary  equipment  for  sprinkling  the  oil  upon  the  embankment. 

(13)  Bottom  of  Reservoib. 

The  bottom  of  the  reservoir  shall  be  excavated  to  a  subgrade  1  foot  below  the  finished 
grade.    It  shall  then  be  thoroughly  plowed,  harrowed,  moistened,  and  compacted. 
Suitable  refilling  material  shall  then  be  spread  over  it  to  bring  it  up  to  the  finished 
grade.    The  refilling  material  shall  be  spread  on  in  thin  layers  as  specified  for  the 
embankment,  and  shall  be  th(»X)ughly  moistened  and  rolled.    The  roller  used  on  this 
work  shall  have  a  smooth  surface,  and  shall  weigh  no  less  than  5  tons. 

(14)  Excavation  for  Post  Footings  and  Swing-pipe  Pit. 

When  the  bottom  of  the  reservoir  has  been  brought  to  the  proper  grade,  the  Con- 
tractor shall  make  excavations  for  the  concrete  footings  for  the  posts,  for  the  swiog- 
pipe  pit,  and  for  the  joint  between  the  floor  and  the  side  slabs  as  designated  by  the 
Company.  The  Contractor  shall  remove  from  the  inside  of  the  reservoir  all  such  ma- 
terial excavated,  and  shall  place  it  at  positions  designated  by  the  Company  or  its 
duly  authorized  representative. 

(15)  Extra  Work. 

Extra  work  unless  otherwise  stated  shall  be  done  by  force  account,  but  under  no 
conditions  shall  extra  work  be  performed  by  the  Contractor,  or  paid  for  by  the  Com- 
pany, without  written  authority  from  the  Company. 

SECTION  III.— ROOF. 

(1)  Nature  of  the  Work. 

The  work  to  be  done,  under  this  section,  consists  in  the  erection  of  a  wooden  roof 
over  the  reservoir  as  herein  specified,  and  in  accordance  with  drawings  hereto 
attached. 

(2)  Material  and  Equipment. 

The  Contractor  shall  supply  all  the  necessary  material,  equipment,  and  labor  fc 

the  construction  of  the  roof.    All  such  material  shall  be  the  best  of  its  respective 

kind,  and  shall  be  subject  at  all  times  to  the  inspection  of  the  Company  or  its  duly 

"' thorized  representative .    It  shall  conform  to  the  sizes  as  designated  on  the  drawing 
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to  be  equipped  with  a  properly  constructed  hatch  placed  at  the  head  of  the  stairway 
as  shown  on  Plate  XII. 

(8)  Nails. 

The  contractor  shall  furnish  all  nails  required  in  the  work,  to  be  of  sizes  as  designated 
in  the  specifications  and  drawings. 

(9)  RoopiNO  Paper. 

When  the  woodwork  of  the  roof  has  been  completed,  before  any  roofing  paper  shall 
be  placed  in  position,  the  sheathing  shall  be  thoroughly  swept  and  cleaned  of  all 
sawdust,  dirt,  gravel,  chips,  shaving^,  or  other  material,  particular  care  being  taken 
that  no  nails  are  left  lying  on,  or  partly  imbedded  in,  the  roof.  All  loose  or  projectiii^ 
knots  shall  be  removed,  and  knot  holes  exceeding  1  inch  in  diameter  shall  be  covered 
with  tin  plates  securely,  nailed  on.  The  sheathing  shall  then  be  covered  and  made 
water-tight  by  placing  one  layer  of  3-ply  roofing  paper  of  a  quality  to  be  approved  by 
the  Company  or  its  duly  authorized  representative.  This  paper  shall  be  laid  in 
accordance  with  Plate  XIV.  Laps  of  paper  shall  be  thoroughly  cemented  together 
and  then  nailed  with  No.  12  roofing  nails,  the  maximum  spacing  between  naUs  to  be 
IJ  inches. 

After  the  roofing  paper  has  been  laid  in  place,  no  unnecessary  material  of  any  sort 
shall  be  wheeled  or  carried  over  it,  or  stored  upon  it,  and  as  little  walking  as  possible 
shall  be  done  upon  it. 

(10)  Asphalt  and  Gravel  Coating. 

When  the  roofing  paper  has  been  placed  in  position  as  above  specified,  a  heavy 
coating  of  hot  asphalt,  at  least  3^  pounds  per  square  yard,  shall  be  applied,  and  a  coat- 
ing of  hot  gravel  shall  immediately  be  applied  to  the  asphalt.    As  much  gravel  shall 
be  used  as  is  held  by  the  asphalt.    After  cooling,  the  excess  loose  gravel  shall  be 
removed.    Particular  care  must  be  taken  that  hot  gravel  is  applied  to  hot  asphaltum, 
and  that  a  thorough  bond  is  made  between  the  gravel  and  the  asphalt.    If  such  a  bond 
is  not  made  in  any  part  of  the  covering,  the  Contractor  shall  remove  that  part,  includ- 
ing the  roof  paper,  and  shall  replace  it  to  the  satisfaction  of  the  Company. 

(11)  Roopmo  Gravel. 

The  roofing  gravel  shall  be  furnished  by  the  Contractor.  It  shall  be  composed  of 
pebbles  rejected  by  a  screen  having  -^inch  openings  and  passing  through  a  screen 
having  -jV-inch  openings.  Gravel  shall  at  all  times  be  subject  to  inspection  by  the 
Company  or  its  duly  authorized  representative. 

(12)  Winch  Box. 

The  Contractor  shall  install  on  the  roof  of  the  completed  tank,  as  directed  by  the 
Engineer,  two  (2)  standard  iron  winch  boxes  which  will  be  fumii^ed  on  the  ground 
by  the  Company. 

(13)  Drains  and  Guttbrs. 

Gutters  shall  be  constructed  entirely  around  the  outer  edge  of  the  roof,  as  shown  on 
Plate  XIV.  The  drains  from  these  gutters  and  downspouts  leading  from  the  outer 
slope  of  the  embankment  shall  be  constructed  as  shown  on  Plates  XIII  and  XTV. 
The  galvanized-iron  drains  shall  be  furnished  by  the  Contractor  and  shall  be  of  No. 
24  gage  iron.  The  openings  leading  from  the  gutters  to  the  downspouts  shall  be 
thoroughly  and  carefully  flashed  with  roofing  paper,  and  all  joints  shall  be  covered 
with  hot  asphaltic  cement  so  as  to  make  a  water-tight  job.  All  drains  leading  down 
the  slope  of  the  embankment  shall  be  constructed  of  wood,  as  per  detail  drawing, 
and  shall  extend  at  least  10  feet  beyond  the  toe  of  the  slope. 

(14)  Cleaning  Up. 

Upon  completion  of  the  roof,  the  bottom  of  the  tank  and  the  inside  slopes  shall  be 
thorougjily  cleaned  of  all  small  pieces  of  wood,  roofing  paper,  nails,  refuse,  etc., 
which  shall  be  disposed  of  by  the  Contractor  as  directed  by  the  Company. 
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(3)  Roop  Supports  and  Piers. 

Roof  supports  shall  be  wooden  posts  8  by  8  inches,  as  designated  on  Plates  XIII 
and  XIV.  The  posts  shall  rest  on  concrete  piers,  as  shown  on  the  drawings,  and  shall 
be  centered  by  one  dowel  pin,  f  inch  by  6  inches,  in  each  pier.  For  the  convenience 
of  the  Contractor  piers  may  be  poured  in  two  sections,  one  pouring  bringing  the  pier 
flush  with  the  surface  of  the  ground,  after  which  the  reinforcement  fabric  for  the 
bottom  may  be  placed  in  position,  and  the  second  pouring  may  be  made,  bringing 
the  top  of  the  pier  to  the  desired  grade  and  having  the  floor  fabric  embedded  in  it  at 
the  proper  point  so  that  fabric  may  form  a  continuous  reinforcement  for  the  floor  slabs 
(see  paragraph  5,  section  IV).  The  tops  of  the  piers  on  the  bottom  of  the  reservoir 
shall  be  in  the  same  plane,  and  the  piers  shall  be  kept  damp  for  at  least  six  days  after 
having  been  poured  before  posts  may  be  erected  on  them. 

(4)  Roop  Girders. 

The  girders  shall  be  of  4-inch  by  14-inch  material,  and  of  lengths  as  shown  on  Plates 
XIII  and  XIV.  They  shall  be  fastened  to  the  posts  with  f-inch  by  18-inch  drift  pins. 
Girders  and  posts  shall  be  fastened  together  by  knee  braces,  as  shown  on  the  drawings, 
of  2-inch  by  6-inch  material.  Knee  braces  shall  be  bolted  to  posts  and  girdera  by 
at  least  two  {-inch  carriage  bolts.  Corbels,  as  shown  on  Plate  XIV,  shall  be  placed 
on  tops  of  posts  in  rows  2, 3;  4,  and  5,  and  shall  be  drifted  through  with  f-inch  by  24-inch 
drift  pins,  as  shown. 

(5)  Rapters  and  Mud  Sills. 

All  rafters  shall  be  of  2-inch  by  8-inch  material,  and  of  lengths  as  shown  on  drawings. 
The  outer  row  of  the  rafters  shall  rest  on  a  2-inch  by  12-inch  redwood  mud  sill,  as 
shown  on  Plate  XIII,  and  shall  be  notched  so  as  to  bear  on  the  full  width  of  the  mud 
sill.  A  line  of  2-inch  by  3-inch  double  bridging  shall  be  placed  between  the  rafterd 
in  the  middle  of  each  bay,  with  the  exception  of  the  bays  of  the  outer  row.  In  the 
outer  row  of  bays  three  lines  of  such  bridging  shall  be  placed  as  directed  by  the  Com- 
pany. Bridging  shall  be  nailed  in  position  before  sheathing  is  put  on,  and  two  lOd 
nails  shall  be  used  in  the  end  of  each  bridging.  The  rafters  shall  be  toe-nailed  to  the 
girders  with  lOd  nails,  using  at  least  3  at  each  rafter.  Rafters  that  lap  shall  be  thor- 
ou^ly  spiked  together  with  20d  spikes,  and  where  joints  abut  shall  be  spliced  with 
2-inch  by  8-inch  material  and  thoroughly  spiked.  The  space  between  rafters  at  the 
embankments  shall  be  completely  closed  by  2-inch  by  8-inch  material. 

(6)  SHBATfflNG. 

The  roof  shall  be  sheathed  with  1-inch  by  8-inch  sheathing  surfaced  on  one  side, 
furnished  in  assorted  lengths  from  8  feet  to  16  feet.  Sheathing  to  be  No.  1  material, 
free  from  knots,  pitch  pockets  or  shakes.  The  roof  shall  be  laid,  as  shown  on  Plate 
XIV,  to  break  joints  with  roof  paper. 

Before  the  sheathing  is  laid  the  top  of  rafters  shall  be  trimmed  off  with  adzes  where 
necessary  to  insure  that  sheathing  will  rest  securely  on  each  rafter  and  will  lie  smooth 
and  flat.  A  space  of  approximately  f  inch  shall  be  left  between  each  board  to  allow 
for  BwelUng  and  shrinkage.  Each  board  shall  be  nailed  with  at  least  three  8d  nails 
on  each  rafter.  All  the  roof  supports  and  the  sheathing,  with  the  exception  of  a  ring 
approximately  10  feet  in  width  around  the  circumference  of  reservoir,  necessary  for 
handling  the  concrete  materials,  shall  all  be  placed  in  position  before  any  of  the  con- 
crete material  other  than  the  post  footings  shall  be  poured. 
(7)  Ventilator,  Ladders,  Walk,  Hatch,  Etc. 

One  ventilator,  as  shown  on  Plate  XIV,  shall  be  constructed  on  the  roof  at  the 
center  of  the  reservoir.  Contractor  shall  also  place  a  stairway  from  the  bottom  of  the 
reservoir  to  the  top  on  the  inside  as  designated  on  Plate  XII,  and  one  stairway  from 
the  outside  toe  of  the  slope  to  the  top  of  the  embankment,  to  be  located  in  the  field 
by  the  Company.  A  wooden  walk  way  shall  be  constructed  by  the  Contractor  from 
the  edge  of  the  roof  to  the  center,  having  branches  to  the  winch  boxes.  This  wooden 
walk  way  shall  be  composed  of  2-inch  by  4-inch  stringers,  and  2-inch  by  8-inch  planks 
2  feet  wide,  laid  with  intervening  spaces  of  about  |  inch.    The  roof  of  the  tank  is  also 
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SECTION  IV.— CONCRETE. 

(1)  Nature  op  the  Work. 

The  work  to  be  done  by  the  Contractor  under  this  section  consists  of  constructing 
upon  the  sides  and  bottom  of  the  reservoir,  in  a  thoroughly  workmanlike  manner,  a 
lining  of  concrete  3  inches  in  thickness,  reinforced  with  metallic  fabric  as  herein- 
after specified,  and  so  carefully  poured  and  compacted  as  to  be  as  nearly  as  possible 
water-tight.  Under  no  condition  shall  any  of  the  concrete  for  the  sides  or  floor  be 
poured  until  the  framework  and  sheathing  of  the  roof,  with  the  exception  of  the  10-foot 
strip  aroimd  the  circumference  of  the  reservoir  as  hereinabove  specified,  shall  have 
been  erected.  The  piers  for  roof  supports  must,  of  course,  be  constructed  before  the 
erection  of  the  roof,  as  provided  in  paragraph  3  of  section  III. 

(2)  Materials,  Labor,  Tools,  etc. 

The  Contractor  shall  furnish  all  materials,  labor,  tools,  mixers,  barrows,  carts, 
cars,  skips,  engines,  teams,  wagons,  etc.,  and  any  and  all  other  tools  and  equipment 
necessary  to  perform  the  work  as  herein  described, 
(a)  Cement. 

A  good  grade  of  Portland  cement  satisfactory  to  the  Company  or  its  duly  authorized 
representative  shall  be  furnished  by  the  Contractor.  Cement  may  be  supplied  either 
in  barrels  or  in  sacks,  at  the  option  of  the  Contractor.  It  shall,  however,  at  all  times 
be  subject  to  the  inspection  of  the  Company,  the  Company  reserving  the  right  to 
reject  any  and  all  cement  that  test  shows  to  be  not  up  to  requirements. 
(6)  Sand. 

The  Contractor  shall  furnish  the  necessary  sand  for  the  contract.    The  sand  must 
be  clean  and  sharp  and  free  from  earth,  clay,  shell,  gypsimi,  mica,  or  other  injurious 
material, 
(c)  Rock. 

Crushed  rock  shall  be  furnished  by  the  Contractor  in  sizes  as  follows: 

One-half-inch  rock,  which  shall  be  retained  on  a  J-inch  mesh  screen,  and  shall 
pass  through  a  i-inch  mesh  screen. 

One-inch  rock,  which  shall  be  retained  on  a  ^inch  mesh  screen,  and  shall  pass 
through  a  1-inch  mesh  screen. 

It  shall  be  of  a  quality  approved  by  the  Company,  and  shall  contain  no  clay  or 
earthy  substances  or  volcanic  ash. 
((f)  Reinforcing  Material. 

The  reinforcing  material  used  in  the  bottom  and  on  the  sides  of  the  tank  shall 
be  welded  metal  fabric,  having  a  4-inch-by-4-inch  mesh,  and  composed  of  No.  6 
gage  wires  both  ways.  This  fabric  shall  be  furnished  in  rolls  86  inches  in  width 
and  approximately  240  feet  long.  The  Contractor  shall  supply,  cut,  and  shape  the 
reinforcing  fabric  as  shown  on  Pl&te  XV. 

(3)  Water  for  Concrete. 

The  water  for  concrete  shall  be  furnished  by  the  Company  and  shall  be  supplied 
through  the  water  mains  surroimding  the  outer  circumference  of  the  reservoir,  as 
provided  for  in  paragraph  7,  section  II.  The  Contractor  shall  furnish  and  lay  all 
necessary  laterals  from  these  water  mains  to  the  various  positions  along  the  edge 
of  the  reservoir  where  he  may  have  his  concrete  mixers  in  operation. 

(4)  Preparation  op  the  Reservoir  for  Concrete. 

The  final  preparation  for  the  pouring  of  the  concrete  shall  be  made  by  carefully 
bringing  all  parts  of  the  bottom  and  inside  of  the  reservoir  to  the  finished  grade. 
The  Contractor  shall  also  at  this  time  excavate  for  the  joint  at  the  toe  of  the  slope 
and  shall  remove  all  material  so  excavated,  together  with  all  material  taken  off  in 
finishing  to  exact  grades  from  the  inside  of  the  reservoir. 
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(5)  Placing  Reinfobcbment. 

All  remforcement  fobric  for  the  bottom  of  the  reservoir  shall  be  laid  before  the 
roof  is  put  in  place,  as  specified  in  section  III,  paragraph  3,  and  must  extend  con- 
tinuously along  the  bottom  and  sides  of  the  reservoir  through  the  foundation  pl^ 
for  the  posts.  Longitudinal  splices  shall  be  lapped  at  least  one  mesh  and  shall  be 
wired  t(^ether  with  No.  16  gage  annealed  iron  wire  to  be  furnished  by  the  Contractor. 
All  reinforcement  must  be  properly  stretched  and  made  to  lie  flat.  TransveiBe 
splices  in  reinforcement  shall  lap  24  inches.  When  the  reinforcement  is  in  place, 
and  before  pouring  is  begun,  care  must  be  taken  that  all  stakes,  pins,  bolts,  etc., 
used  in  laying  and  stretching  the  fabric  are  removed.  The  fobric  must  be  so  jdaced 
over  the  entire  area  that  it  can  readily  be  pulled  into  position  in  the  center  of  the 
concrete  slab  as  the  pouring  progresses.  Arrangement  of  reinforcing  material  is 
shown  on  Plate  XV. 

(6)  Joint  at  Toe  op  Slope. 

A  wooden  joint  of  l-by-6-inch  material  shall  be  placed  in  the  concrete  at  the  toe 
of  the  slope  inside  the  reservoir,  as  shown  in  detail  on  Plate  XII.  The  metal  fo^bric 
laid  upon  the  slopes  and  the  bottom  of  the  reservoir  shall  pass  through  the  wooden 
frame  in  the  joint,  as  shown  on  the  drawing,  and  shall  be  so  laid  as  to  form  a  con- 
tinuous reinforcement,  tying  sides  and  bottom  together. 

(7)  Proportioning  Concrete  Material. 

The  concrete  for  the  bottom  of  the  reservoir  and  for  the  piers  eapporting  the  roof 
shall  be  composed  of  one  part  of  Portland  cement,  two  and  one-half  parts  of  sand, 
two  parts  of  f-inch  crushed  rock,  and  two  and  one-half  parts  of  1-inch  crushed  rock. 
The  concrete  for  the  sides  of  the  reservoir  shall  be  composed  of  one  part  of  Portland 
cement,  two  and  one-half  parts  of  sand,  and  two  parts  of  ^inch  crushed  rock.  The 
proportions  of  the  various  materials  shall  be  very  carefully  measured  at  all  times 
by  the  Contractor.  The  Company,  however,  reserves  the  right  to  change  from  this 
proportion  as  it  sees  fit,  and  no  such  changes  shall  in  any  way  be  construed  to  affect 
the  contract  price. 

(8)  Mixing  and  Pouring  Concrete. 

The  bottom  of  the  reservoir  and  the  side  slopes  shall  be  thoroughly  wetted  before  any 
concrete  material  is  poured  on  them.    In  sprinkling,  however,  the  Contractor  shall  see 
that  no  reinforcing  fabric  becomes  dirty  or  muddy;  and  if  any  dirt  does  adhere  to 
the  fabric  it  shall  be  thoroughly  removed  before  any  concrete  material  is  poured 
on  it.    The  mixing  shall  be  done  in  batch  mixers  of  a  form  and  type  approved  by 
the  Company.    No  more  water  shall  be  added  to  the  material  than  is  absolutely 
necessary  to  cause  the  concrete  to  spread  properly  over  the  area  to  be  covered.    On 
both  the  floor  and  the  side  slopes  a  layer  of  concrete  approximately  1}  inches  thick 
shall  first  be  poured.    The  reinforcing  fobric  shall  then  be  drawn  up  throu^  the 
concrete  and  allowed  to  rest  on  top  of  it.    As  soon  as  the  fabric  has  been  drawn  up, 
and  before  the  first  layer  of  concrete  shall  have  obtained  its  initial  set,  a  second  layer 
shall  be  immediately  poured,  bringing  the  slab  up  to  the  required  thickness.    Wlien 
the  pouring  has  been  completed,  the  surface  of  the  concrete  must  be  immediately 
tamped  with  wooden  tampers  and  then  finished  smooth  and  close-grained  by  trow- 
eling.   The  Contractor  must  at  all  times  exercise  especial  care  that  the  position 
of  the  wire  fabric  is  as  nearly  as  possible  in  the  center  of  the  slab.    He  must  also 
furnish  men  experienced  in  troweling  and  floating  the  surfoce  of  the  concrete,  in 
order  that  it  may  be  made  as  nearly  waterproof  as  possible. 

(9)  Joints  in  Concrete. 

Upon  the  completion  of  a  day's  pouring  the  edges  of  concrete  slabs  shall  be  roughly 
beveled  off.  When  work  is  resumed,  this  beveled  edge  shall  be  thoroughly  cleaned, 
dampened,  and  well  brushed  with  neat-cement  grout  before  the  next  section  of 
concrete  is  poiured. 


•■  «r<'<'**>^  * 


i — ' dZZ 2 


DETAIL  OF    ROOFING  AT  EAVES 


I 


1-1 


A 


GENERAL  DETAILS  REGABWNO  BE8EBV0IB  OONSTEUCTION.         29 

(10)  Sprinklino  Finished  Wobk. 

The  Ck>ntractor  shall  keep  all  df  the  finished  concrete  moiBtened  as  directed  by 
the  Ck>mi)any  until  the  final  completion  and  acceptance  of  the  reservoir  by  the 
Company. 

(11)  Gbouting: 

Should  small  shrinkage  cracks  appear  in  any  part  of  the  floora  or  slopes  at  any  time 
during  the  concreting,  they  shall  be  filled  with  a  cement  grout  as  directed  by  the 
Company.  After  the  concrete  has  been  allowed  to  stand  for  a  period  of  20  days,  both 
the  fioor  and  the  slopes  shall  be  grouted  with  cement  wash  of  a  propcnrtion  to  be  deter- 
mined by  the  Company  or  its  duly  authorized  representative. 

OEITEKAL  DETAILS  BEGABDIVG  BESEBVOIB  COVSTBTJCTIOV. 

CHOICE  OF  SITE  FOB  BESEBVOIB. 

One  of  the  most  important  factors  upon  which  the  success  of  a 
reservoir  depends  is  the  judicious  choice  of  the  site.  The  soil 
should  be  of  homogeneous  texture,  preferably  a  sandy  clay  in  which 
clay  predominates.  The  site  should  be  well  drained  in  order  that 
any  surface  waters  that  may  percolate  through  the  embankment 
and  get  behiad  the  concrete  lining  may  be  carried  away  and  not 
allowed  to  stand,  thereby  placing  on  the  sides  and  bottom  a  hydro- 
static pressure  from  without  that  may  cause  the  concrete  to  crack 
when  the  reservoir  is  empty.  It  has  been  suggested  that  in  large 
reservoirs  drain  tiles  insuring  the  prompt  removal  of  surface  water 
might  well  be  placed  beneath  the  excavation.  No  site  should  be 
chosen  such  that  the  level  of  adjacent  standing  water,  such  as  back- 
water from  the  arm  of  a  river  or  bay,  will  at  any  time  be  above  the 
level  of  the  bottom  of  the  completed  reservoir.  When  strata  or 
pockets  of  sand  or  other  loose  material  extending  into  the  subgrade 
are  encountered  they  should  invariably  be  removed  for  a  distance 
of  3  feet  or  more  below  the  finished  excavation  and  then  refilled  to 
grade  with  selected  earth,  put  on  in  thin  layers  and  carefully  tamped. 

BXTCLDINa  EHBANE3CENT. 

In  building  up  the  embankment  the  "sheep's  foot"  type  of  roller 
tamper  (PI.  X,  B)  has  proved  most  effective.  A  "road  machine'' 
or  road  grader  has  been  successfully  used  by  some  contractors  for 
spreading  the  material,  and  a  heavy  harrow  or  a  drag  scraper  has 
been  used  for  breaking  clods. 

Wetting  down  the  loose  material  is  effective  in  enabling  the  tampers 
to  build  a  compact  embankment,  in  making  the  earth  ride  satisfac- 
torily in  the  scrapers,  and  in  keeping  down  the  dust.  The  usual 
method  of  sprinkling  is  shown  in  Plate  X,  0. 

On  completion  of  the  main  embankment  and  the  refill  on  the 
imier  slope  it  is  necessary  to  trim  from  the  inner  slope  a  foot  or 
more  of  material  to  bring  it  to  the  true  grade  and  to  prepare  it  for 
the  concrete  lining.  Grade  stakes  U'e  set  on  radial  lines  at  the  top 
and  at  the  inner  toe  of  the  slope  at  distances  of  approximately  10 
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feet  apart  around  the  circumference  of  the  resOTvoir.  Narroi;?' 
trenches  about  6  mches  wide  are  then  dug  to  grade  by  the  use  of 
mattocks  and  slope-level  boards  and  2-inch  by  4-inoh  strips  38  feet 
long  placed  flat  against  the  finished  surface.  The  trimming  be- 
tween these  slope  strips  is  then  done  by  hand  or  by  especially  devised 
scrapers  «  (H.  XVI,  A  and  B). 

QUTSIDB  SLOVB. 

The  outside  slope  of  the  embankment,  shown  in  Plate  XVII,  -4, 
when  finished  should  be  thoroughly  sprinkled  with  oil,  which  not 
only  prevents  the  washing  of  the  earth  by  heavy  rains  but  retards 
the  growth  of  grass  and  weeds  which  when  dry  become  a  serious 
fire  menace.  It  is  good  practice  when  the  reservoir  is  in  use  to  oil 
the  slope  two  or  three  times  a  year,  or  often  enough  to  keep  it  free 
from  vegetation.  A  rapid  and  successful  means  of  oiling  is  shown 
in  Plate  XVTI,  A.  An  ordinary  500-gallon  tank  wagon  arranged 
with  a  sprinkler  spout  having  an  extended  arm  on  one  side  so  that 
the  outer  perforations  will  deliver  the  oil  well  toward  the  toe  of  the 
embankment  is  used.  The  lower  part  of  the  slope  is  reached  from 
the  ground  siuf  ace. 

BOOF. 

As  previously  stated,  the  roofs  of  all  the  large  reservoirs  so  far 
constructed  have  been  of  wood  covered  with  roofing  paper.  In  the 
opinion  of  the  writer  this  type  of  oonstroction  is  unsatisfactory,  as 
it  not  only  permits  the  sun's  rays  to  heat  the  upper  surface  of  the 
oil  but  it  (^ers  no  resistance  to  the  passage  of  the  light  hydrocarbon 
compounds  that  rise  from  the  body  of  the  oil  by  reason  of  sudi 
heating. 

A  reinf  orced^oncrete  roof  would  certainly  be  a  mudi  more  per- 
manent type  of  construction,  and  a  concrete  roof  made  sufficiently 
strong  to  uphold  a  foot  or  more  of  earth  and  tight  enough  to  shed 
seepage  water  would  be  an  ideal  construction.    By  this  means  a 
low   and   practically   constant   temperature   could   be   maintained 
within  the  reservoir  at  all  times,  and  injuries  to  the  concrete  lining 
through  expansion  and  contraction  and  losses  by  evaporation  would 
be  reduced  to  a  minimum. 

Various  stages  of  the  roof  construction  are  shown  in  Plates  AVll,  5, 
XVIII,  A,  and  XVIH,  B. 

CONOBBTB  UNINa. 

Too  great  siress  can  not  be  placed  on  the  necessity  of  thoroughly 
mixing  and  tamping  the  concrete  lining,  as  imperviousness  of  the 
lining  is  quite  as  important  as  a  proper  backing  for  it.     It  is  abso- 

o  Cole,  E.  D.,  Concrete-Uzied  oil-storage  reservoirs  in  CalifomiA;  oonstniction  method    nd  ooot  data: 
Proc.  Am.  Soc  Civ.  Eng.,  vol.  41,  Aogust,  1915,  pp.  1327-1350. 
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Lxt>ely  essential  that  the  finished  concrete  be  dense  and  have  a  dense 
^lose-grained  glazed  surface.  To  obtain  this  result  a  mechanical 
unarlysis  of  the  aggregates  to  ascertain  th^  proper  proportions  in 
,h.e  mix  should  be  taken  repeatedly  during  the  progress  of  the  work. 
The  method  for  determining  the  proper  proportions,  described  by 
Puller  and  Thompson,^  has  been  successfully  used. 

EXPANSION  JOINTS. 

It  will  be  noticed  that  the  foregoing  specifications  make  no  pro- 
vision for  expansion  joiuts  in  the  concrete  other  than  the  joiut 
between  the  floor  and  the  side  slopes  formed  by  the  small  wooden 
form  of  L  cross  section.    This  is  not  strictly  an  expansion  joint,  as 
tli0  reinforcement  is  carried  through  it  from  the  sides  to  the  bottom. 
It  forms  a  convenient  line  to  which  to  pour,  and  in  the  more  recently 
constructed  reservoirs  the  form  has  been  removed  entirely  before 
the  slope  concrete  has  been  poured.    Excavation  for  this  joint  is 
shown  in  Plate  XVII,  C. 

In  the  first  reservoirs  constructed  various  types  of  expansion  joints 
were  used,  but  none  has  proved  satisfactory.  In  fact,  more  than 
one  company  has  spent  a  considerable  siun  of  money  in  removing 
entirely  the  expansion  joints  from  some  of  their  reservoirs,  which  they 
found  to  be  leaking  badly. 

Reed,*  in  a  discussion  before  the  American  Society  of  Civil  Engi- 
neers, stated  that  it  is  his  ''belief  that  expansion  joints  are  not 
necessary  in  work  of  this  tjrpe,  provided  there  is  sufficient  reinforce- 
ment in  the  slab  and  the  concrete  is  carefully  cured."  The  writer 
is  inclined  to  agree  with  Reed,  especially  if  the  reservoir  is  compara- 
tively well  filled  at  all  times,  and  when  fresh  oil  is  added  in  any 
appreciable  amount  care  is  taken  to  see  that  it  is  reasonably  cold  and 
is  delivered  into  the  reservoir  well  toward  the  center  of  the  oil  already 
contained  and  not  against  the  concrete  lining.  Even  when  it  is 
necessary  to  withdraw  all  the  oil  from  the  reservoir  there  is  no 
reason  why  a  sufficient  volume  of  water  can  not  be  placed  in  it  to 
keep  the  air  at  all  times  cool  and  moist. 

a  Fuller,  W.  B.,  and  Thompmn,  8.  E.,  The  laws  of  proportioning  concrete:  Trans.  Am.  Soc.  Ciy.  Eng., 
▼oL  50,  December,  1907,  pp.  67-143. 

^  Reed,  B.  J.,  Concreto-lined  oil-storage  reservoirs  In  California;  construction  methods  and  cost  of  data: 
I'roo.  Am.  Soc.  CIy.  Eng.,  yoL  42,  February,  1916,  pp.  229-232. 
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TEMPBBATXJBB  VABIATIONS. 


Temperature  variation?  throughout  the  year  in  a  storage  reservoir 
filled  with  oil  are  surprisingly  small;  as  is  indicated  by  Table  3 
following: 

Table  3. — Temperatures  without  and  at  variotis  points  vnthin  K,  T.  A  0,  Reservoir 

No.  2y  Bakersfield,  Cal 

ICapadty  of  reservoir,  500,000  barrels;  depth,  21  feet;  depth  of  oil,  19  feet  9  Inches  (approximately);  gravity 

ofoil,  14»B.] 


Date. 

Atmos- 
pheric 
tempera- 
ture, 'F. 

Temperature  of  oH,  "F. 

24  feet 

ux>m 

bottom. 

7ife«t 

from 

bottom. 

12}  feet 

from 

bottom. 

17ifeet 

from 

bottom. 

1914. 
June    1 
July     1 
Aug.    1 
Sept    1 
Oct.     1 
Nov.    1 
Dec.     1 

1915. 
Jan.     1 
Feb.    1 
Mar.    1 
Apr.    1 
May     1 
June    1 
July    1 

76 
87 
86 
60 
60 
62 
48 

37 
50 
48 
58 
56 
70 
80 

57 
62 
60 
62 
62 
64 
59 

66 
54 
54 
53 
55 
56 
67 

57 
62 
60 
61 
62 
64 
59 

56 
53 
54 
53 
55 
56 
69 

60 
62 
66 
64 
67 
65 
59 

56 
53 
54 
54 
55 
56 
63 

65 
69 
73 
72 
73 
68 
50 

56 
53 
54 
55 
69 
62 
62 

Extreme  variation  in  atmospheric  temperature,  ^F 

Extreme  variation  in  temperature  of  oil  2)  feet  from  bottom,  °F. 
Extreme  variation  in  temperature  of  oil  7  J  feet  from  bottom,  **F. 
Extreme  variation  in  temperature  of  oil  12^  feet  from  bottom,  °F. 
Extreme  variation  in  temperature  of  oil  17  J  feet  from  bottom,  *^F. 
Temperatures  tak^i  at  7  a.  m. 


50 
9 
11 
14 
20 


The  atmospheric  temperature  was  taken  at  7  o'clock  in  the  morn- 
ing, so  that  the  extreme  variation  in  atmospheric  temperature  shown 
is  not  the  maximum  variation.  The  highest  temperature  for  the 
period  was  106''  F.  at  3  p.  m.  on  August  1, 1914,  and  the  lowest  32^  F. 
at  4  a.  m.,  January  1,  1915,  so  that  the  actual  extreme  variation  in 
atmospheric  temperature  was  74^.  It  is  safe  to  say,  however,  that 
the  highest  and  lowest  temperatures  recorded  for  the  oil  near  the 
bottom  of  the  reservoir  represent  very  nearly  the  actual  conditions 
for  the  period. 

EFFECT  OF  OIL  ON  CONCBETE. 

Where  proper  care  has  been  taken  to  make  a  dense  compact  lining 
in  which  all  coarse  material  is  well  embedded  below  the  surface  there 
seems  no  doubt  that  an  oil-tight  structure  can  be  made.  The  writer 
has  repeatedly  seen  samples  of  concrete  lining  taken  from  the  bottoms 
of  reservoirs  20  feet  in  depth  which  have  been  in  use  for  a  period  of 
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five  years.  These  have  shown  practically  no  penetration  whatever. 
Mr,  H.  B.  Truett,  chief  engineer  of  the  fuel-oil  department  of  the 
Southern  Pacific  Railroad,  states  that  he  examined  a  750y000-barrel  res- 
ervoir belonging  to  the  company  after  it  had  been  in  continuous  use 
for  several  years,  and  found  the  concrete  lining  in  practically  perfect 
condition.  A  scratch  with  a  penknife  removed  the  oil  from  the  surface 
of  the  lining  and  showed  the  concrete  white  and  imattacked  in  almost 
every  place  examined,  and  he  found  numerous  places  where  the  oil 
could  be  wiped  from  the  siuf ace  of  the  lining,  leaving  it  scarcely 
discolored  and  as  smooth  and  firm  as  the  day  it  was  put  in. 

W.  E.  Perdew,  chemist  for  the  same  company,  has  made  a  study 
of  the  action  of  oil  on  oil-proofing  materials  and  on  what  was  deter- 
mined by  mechanical  analysis  of  the  aggregates  to  be  a  desirable 
mix  of  concrete. 

The  following  abstract  of  a  report  made  by  him  shows  the  results 
of  his  experiments : 

Concrete  blocks  6  by  12  by  3  inches  were  made  from  the  same  materials  mixed  in 
the  same  proportions  as  were  used  in  reservoirs  Nos.  3  and  4,  section  7,  Eem  River. 
This  mix  in  parts  by  volume  was  as  follows: 

Aggregate.  Proportion. 

Cement - 1.0 

Sand 2.5 

f-inchrock 1.6 

ll-inchrock 3.0 

After  these  bricks  had  been  thorou^y  cured,  dried,  and  brushed  they  were  painted 
with  various  commercial  and  noncommercial  oil-proofing  compounds.  They  were 
th^i  submerged,  with  one  smoothly  troweled  untreated  brick,  \mder  a  20-foot  head  of 
14^  B.  oil  kept,  by  means  of  steam  coils,  at  a  temperature  of  120°  F.,  and  allowed 
to  remain  in  the  oil  for  120  days.  The  following  results  were  obtained  with  the  non- 
commercial coatings: 

Acid  sludge— brick  washed  free  of  acid;  not  effective. 

Hydrochloric  acid  (1:1) — supposed  to  fill  mouths  of  pores  with  silica;  not  effective; 
makes  concrete  more  permeable. 

Sulphuric  acid  (1: 1) — same  result  as  with  hydrochloric  acid. 

Glue  and  chromic  acid — concrete  brick  painted  twice  with  glue  and  then  with 
potassium  dichromate  solution;  exposed  to  sunlight  two  days  and  then  submerged 
in  the  oil;  failure. 

Lead  paint— paint  made  of  red  and  white  lead,  linseed  oil,  and  turpentine  was 
applied  to  a  concrete  brick.  Paint  tended  to  blister  and  peel.  Oil  gained  access 
to  the  brick  through  ruptures  in  the  coating.  Better  than  some  coating  materials, 
but  not  very  effective. 

Condensation  products  of  phenol  and  formaldehyde — ^two  bricks  were  x)ainted  with 
this  mixture,  one  of  which  was  baked  before  being  put  into  the  oil.  Coatings  on 
both  biled  on  account  of  cracking. 

Sore!  cements— preparation  consisted  of  powdered  magnesium  oxide  mixed  with 
some  filler,  such  as  powdered  silica  and  magnesiiun  chloride  solution.  The  powder 
and  the  liquid  were  mixed  to  the  consistency  of  thick  paint  and  applied  with  a  brush. 
The  coating  cracked  so  badly  under  the  test  that  it  Tiras  practically  useless. 
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Perdew  goes  on  to  state  that  the  commercial  coatings  were  no  more 
effective  than  the  noncommercial;  and  that  the  smoothly  troweled 
untreated  brick  showed  as  little  penetration  as  any  bricks  tested. 
His  report  gives  the  following  data  regarding ''  an  attempt  to  decrease 
the  permeability  of  concrete  by  precipitating  barium  sulphate  in  it  as 
it  is  being  mixed." 

Cement:  Cowell. 

Sand :  Unscreened  sand,  same  as  was  used  in  the  reservoir  on  section  7-0,  Coalinga. 

No.  4:  Twelve  briquets  made  from  sand  and  cement,  8:1,  using  13.75  per  cent  water. 
No  additions. 

No.  5:  Eight  briquets  made  from  sand  and  cement,  3:1,  using  13.75  per  coit  water. 
0.1  per  cent  by  weight  of  powdered  barium  chloride  was  mixed  with  the  dry  cement 
and  sand,  and  sufficient  potassium  sidphate  dissolved  in  the  mixing  water  to  pre- 
cipitate all  of  the  bariiun  as  insoluble  bariiun  sulphate. 

No.  6:  Eight  briquets  made  with  sand  and  cement,  3:1,  using  13.75  per  cent  water. 
0.2  per  cent  by  weight  of  powdered  barium  chloride  was  mixed  withdryiand  and  cement 
before  wetting.  Sufficient  sulphate  ions  added  to  mixing  water  to  precipitate  all  of 
bariiun  as  sidphate. 

No.  7:  Eight  briquets  made  from  sand  and  cement,  3:1,  using  13.75  per  cent  water. 
0.5  per  cent  by  weight  of  barium  chloride  was  mixed  with  the  dry  sand  and  cement 
before  mixing  with  the  water,  to  which  had  been  added  enough  sulphate  ions  to  pre- 
cipitate all  of  the  barium  as  the  sulphate. 

All  briquets  were  stored  under  water  for  20  days.  Then  half  of  each  lot  was  dried 
in  an  oven,  weighed,  and  submerged  under  about  a  12-foot  head  of  14^  B.  ml,  whose 
temperature  was  about  120^  F.  The  other  half  of  each  lot  was  placed  In  a  cod,  d«mp 
place.    At  the  end  of  3  days  more,  all  briquets  were  broken,  with  the  following  results*. 

Data  regarding  concrete  briquetB  tested  for  permeabiHty. 

[Total  age  of  all  briquets,  50  days.] 


Lot  No. 

Average  ten- 
sile strength 
of  briquets  in 
moist  air. 

Average  ten- 
sile straigth 
of  briquets  in 
hoMEoU. 

Per  cent  by 

weight  of  citl 

absorbed. 

4 

6 

6 

7 

Poundtper 
acuaremch, 

286 

390 

286 

280 

Pounds  per 
tquare  inch. 

326 

380 

380 

280 

6.3 
7.2 
7.2 
6.6 

It  is  evident  that  this  method  is  useless  for  decreasing  the  permeabiUty  of  con- 
crete. In  fact,  it  would  seem  that  it  increases  it.  The  tensile  strength  of  the  different 
lota  was  not  overly  definite,  owing  probably  to  the  short  duration  of  the  test.  It 
would  seem  that  the  precipitation  of  the  bariiun  sulphate,  or  the  resultant  formi^oii 
of  potassium  chloride,  accelerates  the  hardening  of  the  concrete,  based  upon  the 
tensile  strength  of  the  briquets  stored  in  the  moist  air.  Also,  the  tensile  strength 
seems  to  decrease  with  the  increase  of  barium  chloride  and  potaaedum  sulphate. 
That  the  highest  tensile  strength  recorded  was  that  of  the  No.  4  briquets,  which  had 
been  under  hot  oil,  bears  out  these  conclusions,  and  is  accoimted  for  by  assuming 
that  the  heat  hastened  the  hardening  of  the  concrete,  while  the  oil  had  not  had  tune 
enough  to  disintegrate  it  appreciably. 

Practically  the  same  treatment  was  given  to  briquets  made  from  Coalinga  sand, 
finely  powdered  diatomaceous  earth  from  Casmalia,  Cal.,  and  cement  in  the  propor^ 
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tion  1S:S:S,  imd  it  was  found  that  the  tensile  strength  of  the  briquets  was  decreased 
and  the  permeability  was  increased. 

The  same  test  was  also  applied  to  briquets  miUie  with  Ooalinga  sand,  1: 3,  to  which 
was  added  in  the  mixing  water  0.0041  per  cent  iron  in  slightly  add  solution,  with 
practically  the  same  results  regarding  tensile  strength  and  permeability. 

The  following  tests  were  made  on  briquets  placed  in  14^  B.  oil  (about  10-foot  head), 
120°  F.,  for  a  period  of  22  days.  Tests  lor  taaaUe  atreiigth  were  taken  before  the 
briquets  were  immersed  in  the  oil. 

Sodium  silicate  solution — causes  decrease  in  tensile  strength  with  increase  of  amount 
added;  and  causes  increase  in  permeability  with  increase  of  amount  added. 

Crude  oil  (4  per  cent  to  9  per  cent  additions) — decreases  tensile  strength  and  in- 
creases permeability. 

In  conclusion  Perdew  states: 

The  fact  is  again  emphasized  that  dense  concrete  is  the  most  impervious  to  oils 
of  13"*  to  18°  B.,  even  when  the  oil  is  heated  to  a  temperature  of  120°  F.  The  pene- 
tration of  oil  through  the  sides  of  the  bricks  that  were  troweled  (the  tops  of  the  bricks 
in  the  molds),  iad  hence  the  densest,  was  the  least  in  every  case. 

COST  OF  BESEBVOIBS. 

The  cost  of  a  reservoir  such  as  covered  by  the  foregoing  specifica- 
tiofis  would  be  10  to  13  cents  per  barrel  of  capacity,  dependent  on 
the  situation  and  other  governing  conditions.  On  a  basis  of  11  cents, 
the  cost  would  be  distributed  approximately  as  follows: 

CJost  of  earthwork,  cents 3. 5 

Cost  of  roof,  cents 3. 0 

Cost  of  concrete  lining,  cents 4. 5 

Total,  cents 11.0 

An  unlined  earthen  reservoir  with  the  same  type  of  roof  construc- 
tion would  cost  7  to  9  J  cents  a  barrel,  and  it  is  estimated  that  a  con- 
crete-lined reservoir  with  a  concrete  roof  on  concrete  roof  supports 
and  covered  with  2  feet  of  earth  would  cost  about  30  cents  a  barrel. 

The  following  figures  for  labor  costs  cover  the  construction  of  two 
750,000-barrel  reinforced-concrete-lined  reservoirs  built  at  Bakersfield, 
Cal.,  during  the  winter  and  spring  of  1913-14: 

Labor  cosUfor  two  eoncreU  M  reBenxnra  at  BokenJUld,  Cal, 

Earthwork: 

Excavating  for  embankment,  per  yard $0. 22 

Lining  inner  slopes  with  selected  material,  per  yard 51 

Finishing  floor,  per  square  foot 005 

Excavating  for  pier  footiags,  trenches,  etc.,  per  yard 70 

Trimming  slopes,  per  square  foot 012 

Roof: 

Hauling  lumber  from  can  (i  nule),  perM L19 

Framing  lumber  for  roof,  per  M L  60 

Erecting  roof,  per  M 3. 80 

Sawing  sheathing,  per  M 1. 35 
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Roofing: 

Laying  roofing  pAper,  per  square $0. 12 

Hauling  roofing  gravel  from  cars  ()  mile),  per  ton 25 

Placing  asphalt  and  gravel  coating,  per  square 32 

Concrete  lining: 

Hauling  cement  from  cars  (^  mile),  per  ton 54 

Hauling  sand  from  creek  bed  (2  miles),  per  yard 86 

Hauling  rock  (^  mile  from  cars),  per  yard 50 

Laying  reinforcing  metal  on  sl(^,  per  square 16 

Laying  reinforcing  metal  on  floor,  per  square 06 

Pouring  concrete  piers,  per  yard o  4. 63 

Pouring  concrete  floor,  per  yard «  2. 51 

Pouring  concrete  slope,  per  yard «  3. 46 . 

The  figures  given  are  based  on  the  following  conditions: 

Situation  of  reservoir,  half  mile  from  railroad. 

Formation  of  soil,  light  sandy  clay. 

Excavators  used,  wheel  and  '*fresno"  scrapers. 

Hours  worked  a  day,  9. 

Wage  paid  laborers,  $2.50  a  day. 

Wage  paid  carpenters,  $3.50  a  day. 

Wage  paid  concrete  laborers,  $2.76  a  day. 

Wage  paid  concrete  finishers,  $4.50  a  day. 

Wage  paid  foremen,  $6  a  day. 

LIFE  OF  BESEBVOIBS  AVD  STEEL  TA17KS. 

A  properly  constructed  concrete-lined  reservoir  with  concrete  roof 
would  last  for  an  indefinite  period.  The  life  of  the  modem  steel  tank 
is  variously  estimated.  However,  the  consensus  of  opinion  among 
the  majority  of  oil  men  seems  to  be  that  a  commercial  steel  tank  such 
as  is  in  use  to-day,  if  placed  on  a  carefully  constructed  foundation, 
and  if  properly  maintained,  should  last,  with  the  exception  of  the  roof, 
for  35  to  40  years.  The  roof,  if  of  wood,  covered  with  roofing 
paper,  would  of  course  require  repeated  repairs  during  this  period  to 
keep  it  waterproof  and,  even  though  it  were  constructed  with  sted, 
parts  of  it  might  need  to  be  replaced  three  or  four  times  by  reason  of 
deterioration  from  light  hydrocarbon  gases  and  sulphur  fumes. 

Several  oil  tanks  examined  by  the  writer  have  been  in  use  for  20  to 
25  years,  and  their  shells  are  to  all  appearances  in  almost  perfect  con- 
dition. One  tank  at  the  Standard  Oil  Co.  refinery,  Baltimore,  Md., 
of  30,000-barrel  capacity,  has  been  in  continual  service  for  more  than 
35  years.  This  is  a  wrought-iron  tank  made  from  plates  much  lighter 
than  those  used  at  the  present  time  for  a  tank  of  this  capacity.  The 
rivet  spacing  is  also  greater  than  is  used  in  modem  practice,  which 
means  that  the  tank  was  not  designed  with  what  is  considered  to-day 
an  adequate  factor  of  safety.    For  this  reason  for  several  years  past 

a  TnchiiUng  cost  of  rock,  at  11.00  per  too.    All  material  except  sand  and  gravel  was  fuzaiflbed  by  the 
owoer  at  the  Southem  Paoiflo  R.  R.  one-half  mile  distant  from  the  work. 
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it  has  been  carried  only  about  two-thirds  full,  and,  so  the  superin- 
tendent states,  will  be  cut  down  and  replaced  in  the  near  future.  The 
roof  has  been  replaced  several  times,  but  the  shell  so  far  as  can  be  seen 
is  sound  and  in  good  condition. 

LOSSES  IN  STORAGE. 

BY  SEEPAGE. 

Oil  losses  by  seepage  from  steel  tanks  and  from  well-constructed 
concrete-lined  reservoirs  can  be  considered  practically  nil.  From 
unUned  earthen  reservoirs,  however,  seepage  losses  may  be  very  large. 
It  is  difficult  to  determine  just  what  these  losses  are  for  the  reason  that 
most  of  such  reservoirs,  as  previously  stated,  are  used  as  emergency 
containers;  the  oil  put  into  them  coming  immeasured  from  flowing 
wells. 

However,  there  is  a  record  of  a  500,000-barrel  unlined  reservoir  in 
the  Kern  River  field,  Cal.,  that  had  to  be  abandoned  on  accoimt  of 
the  excessive  seepage  losses.  Although  the  reservoir  was  in  use 
only  a  short  time,  pits  dug  subsequently  in  the  bottom  disclosed 
that  the  oil  had  already  penetrated  for  a  depth  of  more  than  20  feet. 

Another  company  in  the  same  field  found  that  its  losses  from  both 
evaporation  and  seepage  from  heavy  oil  of  14®  to  16°  B.  stored  in  a 
1,000,000-barrel  reservoir  over  a  period  of  six  years,  when  the  reservoir 
was  kept  approximately  full,  averaged  0.58  per  cent  a  month ,  or 
6.96  per  crent  a  year.  After  the  reservoir  had  been  lined  with  concrete 
the  losses  were  reduced  to  approximately  0.176  per  cent  a  month, 
or  2.112  per  cent  a  year.  Assuming  that  the  losses  by  evaporation 
were  the  same  for  the  lined  as  for  the  imlined  reservoir,  which  was 
practically  the  case,  as  oil  was  constantly  being  put  into  and  with- 
drawn from  the  reservoir  under  both  conditions,  the  saving  of  oil 
due  to  the  lining  was  4.85  per  cent  per  year.  In  other  words,  if  the 
reservoir  were  kept  full  the  yearly  saving  at  the  present  market 
price  of  oil  (about  $1.00)  would  amount  to  $48,500  a  year,  which, 
placing  the  cost  of  lining  at  5  cents  per  barrel,  would  pay  for  that 
lining  in  a  little  more  than  a  year's  time. 

LOSSES  BY  EVAPORATION. 

If  we  knew  definitely  the  volume  of  useful  hydrocarbon  products 
that  "vanish  into  thin  air"  from  the  wells,  the  transportation  systems, 
the' storage  farms,  and  the  refineries  of  the  United  States  in  one  single 
year's  time  we  might  well  be  staggered  by  the  size  of  the  figures. 
To  form  some  realization  of  their  gigantic  proportions  one  needs 
only  to  stand  in  the  vicioity  of  a  flowing  well  newly  brought  in, 
and  witness  the  volumes  of  gases  rising  like  exaggerated  heat  waves 
from  the  well  itself,  from  the  flow  tanks  in  which  the  oil  is  being 
collected,  from  the  sump  into  which  it  has  overflowed,  and  from 
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every  surface  exposed  to  the  atmosphere.  The  greatest  unmeasured 
losS;  of  course,  takes  place  iu  the  vicinitj  of  the  well.  NeverthelesSy 
this  loss  contmues  in  a  large  measure,  especially  as  regards  light  oils, 
through  the  gathering  systems,  the  transportation  systems,  and  the 
receiving  tanks  at  the  refineries,  and  even  from  oil  of  low  gravity 
there  is  a  continual  stream  of  the  light  hydrocarbons  escaping  from 
its  surface  so  long  as  it  remains  in  storage. 

The  foUowing  data  from  Port  Arthur,  Tex.,  give  a  comparison  of 
the  losses  in  a  wooden-roof  tank  and  in  an  all-steel  tank  with  tight 
roof,  having  one  central  vent  pipe  leading  the  escaping  gases  to  a 
point  outside  the  fire  levee. 

Comparative  losses  of  oil  from  a  wooden^roof  tank  and  from  a  sled-roof  tank. 


Kind  of  tank. 

Date. 

Gravity 

ofoUin 

tank. 

• 

Depth  of 
ouin 
tank. 

Loss. 

Time  in 
storage. 

Percent- 
age of 
loss. 

PeroeDt> 
age  of 

Indies. 

Barrels. 

loss in 
a  year. 

Woodeorroof 

8teel-rooL 

1916. 
/May  12 
yune  22 
/May    5 
Vane  22 

•J9. 
55.9 
65.2 

54;^ 
54.6 

Ft.in. 

28  11 

29  3 
29     li 

1,759 
363 

Mo,  4ay». 
1       10 

1       17 

3.39 

.687 

• 

90.6 

The  highest  temperature  recorded  at  Port  Arthur  between  May  5 
and  June  22,  1916,  was  100"*  F. 

Another  Texas  company  found,  from  ''a  record  of  the  evaporation 
of  naphtha  stored  in  a  wooden-roof  tank  and  in  a  steel-roof  tank  for  a 
period  of  six  weeks,  that  the  loss  from  the  wooden-roof  tank  was  3.1 
per  cent,  while  the  loss  from  the  all-steel  tank  was  0.42  per  cent" 
On  this  basis  the  annual  loss  from  the  wooden-roof  tank  would  be 
25.20  per  cent,  and  from  the  all-steel  tank  3.40  per  cent,  or  a  difference 
in  favor  of  all-steel  construction  of  21.80  per  cent.  With  gasoline 
at,  say,  15  cents  a  gallon  at  the  refineiy  this  would  amount  to  $75,500 
a  year  in  a  55,000-barTel  tank,  indicating  that  it  is  the  height  of  ioUy 
to  attempt  to  store  gasoline  even  temporarily  in  a  wooden-roof  tank. 

The  following  information  covers  tank  farms  in  Oklahoma  and 
Kansas,  the  oil  in  the  tanks  having  remained  practically  undistributed 
after  the  original  filling. 
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OIL-STORAGE  TAKKS  AKD  HESEBVOIBS. 


A  report  on  ten  SS^OOO-barrel  tanks,  with  construction  similar  t 
that  of  the  tanks  represented  in  the  foregoing  table,  stored  with  Q^ 
ing  oil  in  the  Cushing  field,  showed  the  following  loss  by  evaporati4 

GroflB  stock  Nov.  1, 1915 540, 869. 11  bairolci  of  39.7' B « 

GrosB  stock  Sept.  1, 1916 537, 530.  77  barrels  of  39.r  B.« 

Shrinkage 3,338.34  barrels 

Yearly  loss  by  shrinkage  (evaporation),  0.62  per  cent. 

Two  tanks  of  Healdton  oil  stored  at  Fort  Worth,  Tex.,  showed  tk 
following  results: 

Shrinkage  in  one  year  of  Healdton  oil  in  two  tanks  at  Fori  Worthy  Tex, 


TnkNa 


OroflB  stock 


OroflB  stock 


Shiinkage. 


Stodge 


Stodge 


Inslndge. 


Yeertr 
lonbf 


(evipa» 
ttoT 


186a, 
127.. 


BamU, 
b  63,176.60 

463, 610.  eo 


Barrdt, 
e  63,044.30 
«63,091.13 


Barrelt. 
m.80 
626.47 


Bmrreli, 
435.26 
866. 98 


Barrelt. 
739.67 
400.79 


BamU. 
304.31 
102.81 


.98 


i 


J. 


aTlilB  oU  was  allowed  to  stand  In  earttien  samps  for  a  consldeiable  time  t>e£are  lieing  stand;  ^^^ 
oomparatlvely  small  toes  by  evaporation. 
bdfavit7o!oU,28.6*B. 
eQiavit70foa,28.1«B. 
daiavlt7ofofl,2&4*B. 
«  Oiaytty  of  oil,  27.6*  B. 

A  Pittsburgh,  Pa.,  refinery  furnishes  data  regarding  steel  tanks  ^ 
55,000-barrel  and  37,000-barrel  capacity,  havii^  wooden  Toob  coh- 
ered with  two-ply  roofing  paper  and  over  that  22-gage  sheet  u«^ 
They  were  used  for  the  storage  of  Pennsylvania  crudes^  the  res^^' 
being  as  follows: 

Data  regarding  evaporation  losses  in  two  Pittsburgh,  Pa.f  tanks. 

66/)00-BABBBL  TANK. 


Date  of  observation. 


Sept.  8. 1914. 
Aog.  18, 1016. 


Loss. 


Orayity 
ofoU. 


•B. 
44.0 
43.6 


.6 


OU  in  tank. 


Barrets. 

M,Q86.U 

63,0S8.n 


997.79 


Fennsytvania  erode. 

Loss  fbr  period,  1.84  P*  S^ii*" 
year  on  nm^'V)asiii  0.96  ptf*^ 


87/)00>BABBEL  TANK. 


Jane  19, 1014. 
May  1,1916.. 


Loss. 


44.6 
43.6 


1.0 


86,068.61 
83,930.66 


2,188w86 


Pennsylvania  erode. 


Eight  new  37|500-barrel  steel  tanks,  having  wooden  roofs  coj  ^ 
with  tar  paper,  over  which  was  sheet  iron,  were  filled  with  1^ 
crude  of  an  average  gravity  of  33.1^  B,    The  oil  was  •'^^J^ 
remain  in  storage  for  a  period  of  four  years,  showing  the  foU^^^'^ 
Qsults: 
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Evaporation  losses  from  eight  wooden-roof  steel  tanks  filled  with  Illinois  crude. 


Forlod. 


Average 
gravity. 


Average  loss  in  gravity. 


B. 


Peroent. 


Average  lose  in  Hold. 


Banels 
per  tank. 


Percent. 


Wlien  filled. 
Plrst  year... 
Seoond  year. 
.^Ttilrdyear.. 
Fourtli  year. 


33.13 
32.22 
81.77 
31.35 
31.24 


a  91 
.45 
.42 
.11 


2.75 
1.39 
1.32 

.35 


1,007 
476 
844 
215 


2.786 
1.308 

.688 


Total,  foor  years. 
Avenge  per  year. 


1.89 


5.81 


2,042 


5.606 


.47 


1.45 


510 


1.402 


"r  

Data  from  a  Middle- West  corporation  that  handles  large  quantities 

^  of  crude  petroleum  and  operates  extensively  in  Texas  and  Oklahoma 

'  sliow  that  its  oil  is  kept  moving  so  constantly  that  exact  figures  on 

!^  evaporation  losses  can  not  be  given,  but  they  are  believed  to  be 

approximately  as  follows: 

^  Evaporation  losses  fiom  Texas  and  Oklahoma  crudes. 

Annual 
loss, 
Grade  of  oiL  Gravity,  *  B.  per  cent. 

Distillate 43  to  50  2.0 

N(Mth  Texas  and  north  Louisiaiia  crudes  (light) 30to40  1.5 

r             South  Texas  and  south  Louisiana  crudes  (heavy) 18  to  25  .7 

Oklahoma  crude 30to38  1.0 

Oklahoma  crude 38to41  2.6 

The  following  tabulation,  compiled  by  a  California  company,  shows 
the  losses  from  fresh  oils  stored  for  short  periods  of  time  while  on 
the  way  to  the  refinery  or  to  market.  The  tanks  in  which  the  oil 
^  was  placed  had  wooden  roofs,  some  of  which  were  covered  with 
sheet  iron.  The  length  of  time  during  which  the  oil  remained 
quiescent — ^that  is,  without  additions  or  withdrawals — ^ranged  from 
5  to  30  days.  If  the  time  was  less  than  30  days  the  amount  shown 
in  the  column  headed  ''Loss  for  30  Days"  was  computed  on  the  basis 
of  the  total  loss  during  the  quiescent  period.  The  tanks  under 
observation  were  in  various  fields  and  the  oils  ranged  in  gravity 
from  13.4^  to  28.5°  B.  Temperature  readings  were  taken  three  times 
a  day — at  7  a.  m.,  at  noon,  and  at  5  p.  m.,  the  average  temperature 
shown  being  the  average  of  these  readings  for  the  period. 

The  average  loss  per  month  varied  from  0.06  per  cent  for  the 
heavy  oils  to  2.5  per  cent  for  light  oils,  and  the  loss  per  year,  based 
on  the  monthly  loss,  varied  from  0.72  to  30.07  per  cent.  The  yearly 
loss,  however,  is  obviously  too  high,  as  the  monthly  evaporation 
would  not  remain  a  constant  quantity  throughout  the  year,  but 
would  decrease  somewhat  from  month  to  month. 


.v^ 


On  tLk 

in  fa^or  of  ai*-6t««l 

at.  sar.  i^  ei3it£  a  sihb:-n  a4  t:ie 

in  a  S5j»j 
to  att^npt  to  sUire 

Tlie  foiknriD^  iiJ  onaatxA  corcfs 
Kansas,  thf  c3  in  tLe  tanks  haring 
after  the  original  fiTling. 


LOSSEd  IK  dTOBACte. 


dd 


=1 


•I 


o 

3 


s 
% 


(3 


CO 


CO 


CO 

CO 


to 

CO 


C4 

CO 


"»   S5 


Ok  to 

•  • 

fi  CO 

ra  CO 

■e 


CO 

eo 

■a 


Miimi 


ll 


5^ 


3 


"Bfl 


1-3 


fi 


O  O 

«1 


O 
9 


3 


II 


•8 


I 


ft., 


s     s 


£; 


I 


S 


i  § 


S3 


8 


Z 


S      ■ 

Pi 


I 


8 


s 


J-    X 


Si 


§s    .Ss 


8 

A. 


§i 


•   r 


8 


» 


5^ 


s 


a; 


§    §      I 


Q,0» 


QQ 


*^ 


93 

II 


s 


3 


*«      11* 


9 


M 

o 


O 


1^      u 


40 


OIL-STOBAGE  TANKS  AND  BESEBVOIBS. 


A  report  on  ten  55,000-barrel  tanks,  with  construction  similar  t 
that  of  the  tanks  represented  in  the  foregoing  table,  stored  with  CusL* 
ing  oil  in  the  Gushing  field,  showed  the  following  loss  by  evaporatioii: 

GroflS  stock  Nov.  1, 1915 640, 869. 11  barrels  of  39.7**  B.  oil 

Grofls  stock  Sept.  1, 1916 637,530.77  barrels  of  39.1°  Boil 

Shrinkage 3,33^34  barrels 

Yearly  loss  by  shrinkage  (evaporation),  0.62  per  cent. 

Two  tanks  of  Healdton  oil  stored  at  Fort  Worth,  Tex.,  showed  the 
following  results: 

Shrinkage  in  one  year  of  Healdton  oil  in  two  tanks  at  Fort  Worth  j  Tez. 


TuikNa 

Oran  Stock 

Orass  stock 

SbriiikBge. 

SIndge 

Sludge 

Inoraase 
insladge. 

Yevly 

lossb^ 

shijnkigB 

tiS). 

YeiriT 

BMStflf 

ifaidfi. 

136a 

BarreU. 
»53,176.60 
453,616.60 

BarreU. 
£63,044.20 
•  63«091.13 

BontU. 
131.80 
626.47 

BorreU, 
435.26 
366.28 

BarreU. 
730.57 
460.79 

BarreU, 
304.81 
102.81 

PereeM. 

0.25 

.96 

Pert* 

a* 

127 

J 



sThiB  oU  was  allowed  to  stand  in  earthen  sumps  for  a  oonsideiabie  time  before  being  stored;  hBOtt^ 
oomparatlvely  small  loss  by  evaporation. 
»(Kyit7  0foU,28.6*B. 
e  Gravity  of  oU,  28.1*  B. 
4  Gravity  of  ofl,  28.4*  B. 
«OrBvityofoll,27.6*B. 

A  Pittsbuigh,  Pa.,  refinery  furnishes  data  regarding  steel  tanks  of 
55;000-baiTel  and  37,000-barrel  capacity;  having  wooden  tooIb  coh- 
ered with  two-ply  roofing  paper  and  over  that  22-gage  sheet  iion. 
They  were  used  for  the  storage  of  Pennsylvania  crudes^  the  re^^ 
being  as  follows : 

Data  regarding  evaporation  losses  in  two  Pittsburgh,  Pa.,  tanks, 

65/XX)-BARREL  TANK. 


Date  of  observation. 


Sept.  3, 1014. 
Aug.  13, 1016. 


Gravity 
ofoU. 


44.0 
43.5 


.6 


Oil  in  tank. 


BarreU. 

54,080.U 

53,088.88 


097.79 


Pennsylvania  erode. 


87/XX)-BARREL  TANK. 


Jane  10, 1014. 
Mayl,i016.. 


Lo«. 


44.5 
43.5 


1.0 


86,068.51 
83,0».66 


2,138.85 


Pennsylvania  orade. 

Loss  for  period.  5.«  If'gS^St'' ' 
year  on  same  MSis»  s*^  >^ 


Eight  new  37;50<>-barrel  steel  tanks,  having  wooden  roofs  cover^ 
with  tar  paper,  over  which  was  sheet  iron,  were  filled  with  I^ 
crude  of  an  average  gravity  of  33.1°  B.    The  oil  was  tSki^^, 
remain  in  storage  for  a  period  of  four  years,  showing  the  IcSio^^^ 
results: 
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ShfaporaUon  lone$fnm  eight  wooden-roof  steel  tanks  filled  with  lUinais  crude. 
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Average 
gravity. 

Average  loss  in  gravity. 

Average  Ion  in  flakL 

FwlocL 

•B. 

Fur  cent. 

Bamto 
per  tank. 

Percent. 

Wlien  filled 

•B. 
88.13 
83.33 
81.77 
81.35 
31.24 

Klrst  year 

a  01 

.45 
.43 
.11 

3.75 

1.30 

1.33 

.35 

1,007 
470 
344 
315 

3.766 

Sooon^  yfMur 

1.306 

TPiilrci  ytnur 

.044 

.588 

fTfital.  four  yeara 

1.80 

5.81 

3,043 

5.606 

ATBraffeDor  Y68r 

.47 

1.45 

510 

1.403 

Data  from  a  Middle-West  corporation  that  handles  large  quantities 
of  crude  petroleum  and  operate  extensively  in  Texas  and  Oklahoma 
show  that  its  oil  is  kept  moving  so  constantly  that  exact  figures  on 
evaporation  losses  can  not  be  given,  but  they  are  believed  to  be 
approximately  as  follows: 

Evaporation  losses  from  Texas  and  Oklahoma  crudes. 

Annual 
loss, 
Orade  of  oIL  Gravity,  *  B.  per  oent. 

Distillate 43  to  50  2.0 

North  Texas  and  north  Louiaaaa  crudes  (light) 30to40  1.6 

South  Texas  and  south  Louisiana  crudes  (heavy) 18  to  25  .7 

Oklahoma  crude 30to38  1.0 

Oklahoma  crude 38to41  2.5 

The  following  tabulation,  compiled  by  a  California  company,  shows 
the  losses  from  fresh  oils  stored  for  short  periods  of  time  while  on 
the  way  to  the  refinery  or  to  market.  The  tanks  in  which  the  oil 
was  placed  had  wooden  roofs,  some  of  which  were  covered  with 
sheet  iron.  The  length  of  time  during  which  the  oil  remained 
quiescent — ^that  is,  without  additions  or  withdrawals — ranged  from 
5  to  30  days.  If  the  time  was  less  than  30  days  the  amount  shown 
in  the  column  headed  ''Loss  for  30  Days"  was  computed  on  the  basis 
of  the  total  loss  during  the  quiescent  period.  The  tanks  under 
observation  were  in  various  fields  and  the  oils  ranged  in  gravity 
from  13.4°  to  28.5°  B.  Temperature  readings  were  taken  three  times 
a  day — at  7  a.  m.,  at  noon,  and  at  5  p.  m.,  the  average  temperature 
shown  being  the  average  of  these  readings  for  the  period. 

The  average  loss  per  month  varied  from  0.06  per  cent  for  the 
heavy  oils  to  2.5  per  cent  for  light  oils,  and  the  loss  per  year,  based 
on  the  monthly  loss,  varied  from  0.72  to  30.07  per  cent.  The  yearly 
loss,  however,  is  obviously  too  high,  as  the  monthly  evaporation 
would  not  remain  a  constant  quantity  throughout  the  year,  but 
would  decrease  somewhat  from  month  to  month. 
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A  report  on  ten  55;000-barrel  tanks,  with  construction  similar  to 
that  of  the  tanks  represented  in  the  foregoing  table,  stored  with  Gush- 
ing oil  in  the  Gushing  field,  showed  the  following  loss  by  evaporation : 

GroflS  stock  Nov.  1, 1915 540,869. 11  barrels  of  39.7*  B.  oil 

Gross  stock  Sept.  1, 1916 537,530.  77  barrels  of  39.1*  B.  oil 

Shrinkage 3, 338.  34  barrels 

Yearly  loss  by  shrinkage  (evaporation),  0.62  per  cent. 

Two  tanks  of  Healdton  oil  stored  at  Fort  Worth,  Tex.,  showed  the 
following  results: 

Shrinkage  in  one  year  of  Healdton  oil  in  two  tanks  at  Fort  Worth,  Tex, 


TuikNa 


136a. 
137.. 


Oran  Stock 


Barrdi, 
6  53,176.60 
463,616.60 


Qronstook 


Barrelt. 
£63,044.20 
•  63,001.13 


Sbrliikags. 


BarreU. 
13L80 
636.47 


fflodge 

"Sit'' 


BwrtU, 
435.36 
366.08 


Shidge 


Barrdi. 
730.67 
460.70 


indndge. 


BaireU. 
304.31 
102.81 


Yearl; 

lonbf 
shrinkige 
(evapon- 

tiS). 


PereemL 

0.36 

.06 


Yearly 

nttle- 

mentof 

shidge. 


PereemL 
a67 
.19 


oThis  oU  was  allowed  to  stand  in  earthen  sumps  for  a  considerable  time  befbre  being  stored;  henoe  the 
oompaiatirely  small  loss  by  evaporation. 
»diayityofoU,3S.6*B. 
e  Gravity  of  oU,  38.1*  B. 
'OrBvltyofofl,38.4*B. 
«  Omvtty  of  oil,  37.6*  B. 

A  Pittsbuigh,  Pa.,  refinery  furnishes  data  regarding  steel  tanks  of 
55,000-barrel  and  37,000-barrel  capacity,  having  wooden  roofs  coy- 
ered  with  two-ply  roofing  paper  and  over  that  22-gage  sheet  iron. 
They  were  used  for  the  storage  of  Pennsylvania  crudes,  the  results 
being  as  follows: 

Data  regarding  evaporation  losses  in  two  Pittsburgh,  Pa.^  tanks, 

66/XX)-BABREL  TANK. 


Date  of  observation. 


Sept.  3. 1014. 
Aug.  13, 1016. 


Gravity 
ofoU. 


•B. 
44.0 
43.6 


.6 


Oil  in  tank. 


Barrdi, 

64,086.U 

63,088.88 


007.70 


Remarks. 


Pennsylvania  omde. 


Loss  for  period,  1.84  per  oent,  or  for  a 
year  on  samcrbasis,  0.06  per  oent. 


87/)00-BARREL  TANK. 


Jane  10. 1014. 
Mayl,i016.. 


44.6 
43.6 

36,068.61 
83,020.66 

1.0 

3,138.86 

Pennsylvania  erode. 


OSS  for  period.  6.08  per  oent,  or  for  a 
year  on  same  oasis,  3.18  per  oent. 


Eight  new  37,500-barrel  steel  tanks,  having  wooden  roofs  covered 
with  tar  paper,  over  which  was  sheet  iron,  were  filled  with  Illinois 
crude  of  an  average  gravity  of  33.1°  B.  The  oil  was  allowed  to 
remain  in  storage  for  a  period  of  four  years,  showing  the  following 
results: 


L08SBS  IN  STORAGE. 
Evaporation  lone$from  eight  wooden-roof  tteel  tanks  filled  with  lUinois  crude. 
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Average 
gravity. 

Avenge  loss  in  gravity. 

Average  Ion  in  flnkL 

Period. 

•B. 

Percent. 

Barrels 
per  tank. 

Percent. 

"wimn  flllwl 

•B. 
83.13 
82.22 
81.77 
81.35 
31.24 

First  year 

a  01 

.45 
.42 
.11 

2.75 

1.30 

1.32 

.35 

1,007 
476 
844 
215 

2.766 

8eooii<^  year 

1.306 

ThM  year. 

.044 

Foortli  ywur 

.588 

Total,  ftmr  years 

1.80 

5.81 

2,042 

5.606 

Avwago  pw  y<Hur 

.47 

1.45 

510 

1.402 

Data  from  a  Middle- West  corporation  that  handles  large  quantities 
of  crude  petroleum  and  operates  extensively  in  Texas  and  Oklahoma 
show  that  its  oil  is  kept  moving  so  constantly  that  exact  figures  on 
evaporation  losses  can  not  be  given,  but  they  are  believed  to  be 
approximately  as  follows: 

Eoa'poration  losses  from  Texas  and  Oklahoma  crudes, 

Annoal 
loss, 
Grade  of  oU.  Gravity,  *  B.  per  oent. 

DiBtillate 43  to  50  2.0 

Ncnth  Texas  and  north  Louiaaaa  crudes  (light) 30  to  40  1.5 

South  Texas  and  south  Louisiana  crudes  (heavy) 18  to  25  .7 

Oklahoma  crude 30  to  38  1.0 

Oklahoma  crude 38  to  41  2.6 

The  following  tabulation,  compiled  by  a  California  company,  shows 
the  losses  from  fresh  oils  stored  for  short  periods  of  time  while  on 
the  way  to  the  refinery  or  to  market.  The  tanks  in  which  the  oil 
was  placed  had  wooden  roofs,  some  of  which  were  covered  with 
sheet  iron.  The  length  of  time  during  which  the  oil  remained 
quiescent — ^that  is,  without  additions  or  withdrawals — ^ranged  from 
5  to  30  days.  If  the  time  was  less  than  30  days  the  amoimt  shown 
in  the  column  headed  ''Loss  for  30  Days''  was  computed  on  the  basis 
of  the  total  loss  during  the  quiescent  period.  The  tanks  under 
observation  were  in  various  fields  and  the  oils  ranged  in  gravity 
from  13.4°  to  28.5°  B.  Temperature  readings  were  taken  three  times 
a  day — at  7  a.  m.,  at  noon,  and  at  5  p.  m.,  the  average  temperature 
shown  being  the  average  of  these  readings  for  the  period. 

The  average  loss  per  month  varied  from  0.06  per  cent  for  the 
heavy  oils  to  2.5  per  cent  for  light  oils,  and  the  loss  per  year,  based 
on  the  monthly  loss,  varied  from  0.72  to  30.07  per  cent.  The  yearly 
loss,  however,  is  obviously  too  high,  as  the  monthly  evaporation 
would  not  remain  a  constant  quantity  throughout  the  year,  but 
would  decrease  somewhat  from  month  to  month. 
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OIL-STOKAGE   TANKS  AND  BESEEVOIRS. 


A  California  company  reports  that   18^  B.   asphaltum-base    oil 
placed  in  storage  in  a  concrete-lined  reservoir  with  wooden  roof 
showed  a  loss  of  5.52  per  cent  after  a  year's  time,  and  that  during 
this  period  the  gravity  of  the  oil  was  reduced  to  15.5°  B.    So  far  as 
is  known  all  of  this  loss  was  by  evaporation.    The  same  company  goes 
on  to  say  that  ''Fuel  oil  of  more  than  14°  B.  should  not  be  stored  in 
reservoirs.    The  evaporation  and  leakage  increase  in  proportion  to 
the  rise  in  gravity.    Our  experience  has  been  with  concrete-lined 
reservoirs  in  the  Kern  field  (California)  with  gravity  of  oil  ranging 
about  14°  B.;  out  of  eight  lined  reservoirs  our  smallest  average  loss 
in  one  reservoir  was  0.35  per  cent  a  year;  our  greatest  loss  in  one  of 
these  reservoirs  for  the  same  period  was  1 .92  per  cent,  and  the  average 
loss  in  all  the  reservoirs  for  the  year  was  1.056  per  cent.'' 

These  reservoirs  have  wooden  roofs  covered  with  roofing  paper, 
and  similar,  in  construction  to  the  roof  described  in  the  specifications. 

Actual  figures  taken  by  the  writer  from  the  oil-storage  reports  of 
another  California  company  show  the  following  yearly  losses  from 
three  concrete-lined  reservoirs. 

Evaporation  losses  from  three  concrete-lined  tanks  in  Califomia, 


Qoiesoent  period. 


Sept.  1, 1915,  to  Aug.  1, 1916 

Do 

Do 


Capacity  of 
reservoir. 

Depth  of 

oU(approz- 

ixnate). 

Oravttyof 
oil. 

Percent 
loss  for 
period. 

Barrels, 
750,000 
750,000 
600,000 

Ft,   in. 
21     9 
21    10 
19    10 

•B. 
14 

14 
14 

0.542 
.382 
.680 

Peroeol 

loss,  CUM 

yeu. 


0.50 
.42 


These  reservoirs  have  wooden  roofs,  and  all  of  the  losses  indicated 
so  far  as  is  known  were  from  evaporation. 

Table  5  following;  comprising  a  compilation  of  foregoing  data, 
would  indicate  the  average  losses  by  evaporation  from  various  grav- 
ities of  distillates  and  crudes.  However,  the  figures  can  not  be  taken 
as  a  basis  on  which  to  estimate  closely  future  losses,  for  the  reason 
that  although  most  of  them  seem  fairly  rehable,  it  must  be  re- 
membered that  petroleum  is  an  extremely  complex  mixture  of  hydro- 
carbon combinations  having  various  gravities  and  various  boiling 
points.  A  crude  oil,  for  instance,  with  a  gravity  of  40°  B.  may  be 
composed  of  some  of  the  heavier  hydrocarbons  and  some  of  the 
very  light  hydrocarbons,  whereas  another  oil,  with  the  same  gravity, 
40®  B.,  may  be  composed  of  hydrocarbon  compoimds  varying  litUe 
from  that  gravity.  The  first  oil  would  lose  rapidly  by  evaporation 
when  placed  in  storage,  whereas  the  latter,  although  originally  of 
the  same  gravity,  would  evaporate  much  more  slowly. 
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The  summary  does  serve  to  show  that  there  is  a  considerable  loss 

from  all  grades  of  oil  when  placed  in  storage,  and  that  the  evaporation 

from    some  grades  of  fresh  oil  is  alarmingly  large.    Although  the 

figures  are  admittedly  incomplete,  as  the  majority  of  operators  have 

no  reliable  information  as  to  exact  losses  from  evaporation,  it  is  hoped 

that  pubhcation  of  the  figures  may  assist  to  stimulate  producers  and 

refiners  generally  to  a  more  systematic  effort  toward  determining  the 

real  magnitude  of  such  losses.     When  this  is  done  the  writer  beheves 

the  inevitable  resxilt  will  be  much  more  definite  and  sytematic  efforts 

to'ward  overcoming  these  losses  than  are  at  present  exercised. 
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LOSSES  IN  8TOBAQE.  51 

I>IFPIOULTIBS  IN  OBTAINING  BELIABLE  DATA  BEGABDING  EVAPORATION 

LOSSES. 

In  dealing  with  lai^  bodies  of  oil  as  contained  in  reservoirs  of 

750,000-baiTel  to  1,000,000-baiTel  capacity  the  ''personal  equation" 

of  the  gager  may  make  a  considerable  discrepancy  in  results.    There 

is  also  the  likelihood  of  applying  an  incorrect  coefficient  of  expansion  ^ 

in  making  the  necessary  volumetric  corrections  occasioned  by  reason 

of  the  oil  having  a  temperature  above  or  below  the  normal.     For 

exact  work  the  coefficient  of  expansion  for  each  oil  in  question  should 

be  determined.    Two  oik  of  similar  physical  characteristics  seldom 

have  the  same  coefficient  of  expansion.    For  instance,  it  is  the 

custom  of  many  companies  in  handling  low-gravity  oil  to  subtract 

from  the  volume,  if  the  indicated  temperature  is  above  60®  F.,  and 

to  add  to  it  if  below  60°  F.,  an  amoimt  equal  to  1  per  cent  of  the 

indicated  volume  for  every  20  degrees  variance  from  the  normal 

temperature,  which  is  another  way  of  saying  that  a  coefficient  of 

expansion  of  0.0005  is  apphed.    Suppose,  however,  that  the  actual 

coefficient  of  expansion  was  0.0004  (or  such  that  the  applied  correc- 

tion  would  be  1  per  cent  for  every  25  degrees  variance  in  temperature), 

and  that  the  reservoir  under  consideration  is  of  1,000,000-barrel 

capacity  having  the  variance  in  temperature  10  degrees;  the  computed 

figures  would  then  be  in  error  by  1,000  barrels. 

DEVICES  USED  FOB  LESSEKIKO  EVAFOBATION  LOSSES. 

Why  does  oil  evaporate?  The  accepted  theory  regarding  the 
constitution  of  matter  and  the  nature  of  heat  assimies  that  all  hquids 
are  composed  of  molecules  which  are  held  together  by  mutual  at- 
traction. When  a  liquid  is  warmed  above  —273°  C.  the  molecules 
are  in  constant  and  rapid  motion,  and,  as  a  result  there  are  spaces 
between  them.  As  heat  is  apphed  to  the  Uquid  the  molecules  move 
more  and  more  rapidly  and  strike  against  each  other  with  greater 
force,  separating  further  against  the  force  of  cohesion.  Molecules 
near  the  surface  of  the  liquid  and  vibrating  rapidly  pass  out  from  it. 
*  Some  are  drawn  back  again  into  the  liquid  by  cohesion,  but  some 
escape  into  the  air  above  the  surface.  If  the  vessel  containing  the 
hquid  is  open,  in  time  all  may  escape.  However,  if  the  vessel  is 
tightly  closed  the  molecules  can  not  escape  from  it,  and  even  though 
it  be  only  partly  filled  with  liquid  the  air  above  the  smiace  soon 
becomes  so  filled  with  vibrating  molecules  that  the  number  leaving 
the  surface  of  the  liquid  in  a  given  time  is  just  equal  to  the  niunber 
going  back  into  it.  The  air  above  the  liquid  is  then  saturated  and 
evaporation  ceases.  If  the  temperature  of  the  liquid  in  the  closed 
vessel  is  increased,  vaporization  again  takes  place,  but  ceases  as 

a  See  Crossfield,  A.  S.,  The  coefficient  of  expansion  of  California  crude  oils  and  distillates:  West.  Eng. 
vol.  6,  December,  1916,  pp.  229-238. 
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soon  as  the  air  in  the  vessel  above  the  liquid  becomes  saturated  for 
that  temperature.  However,  the  pressure  in  the  vessel  is  increased. 
If  the  warm  saturated  air  is  cooled  some  of  the  vapor  condenses  and 
returns  to  the  liquid  and  the  pressure  is  decreased. 

Devices  for  preventing  evaporation  losses  should  be  designed  with 
two  purposes  in  view — ^first,  to  keep  the  temperature  of  the  oil  in 
the  vessel  as  low  as  possible,  and,  second,  to  make  the  container  as 
tight  as  practicable. 

WATEB-SBAL  TOPS. 

Perhaps  the  most  common  method  of  decreasing  evaporation  losses 
in  an  oil-storage  tank  ia  by  the  water-^eal  top,  shown  in  Plate  XIX,  A. 
This  form  of  construction  is  usually  applied  to  small  tanks  of  1,000- 
barrel  to  5,000-barrel  capacity  such  as  run-down  tanks  in  which 
naphthas  and  light  refined  products  are  received  from  the  tail  houses. 
The  construction  of  the  tank  is  similar  to  other  steel  tanks  except 
that  it  has  a  flat  roof  constructed  from  riveted  plate  calked  and 
made  water-tight,  which  is  placed  about  6  inches  below  the  upper 
edge  of  the  shell.  The  space  inclosed  above  the  plate  is  then  filled 
with  water  that  can  be  kept  constantly  circulating,  thus  keeping  the 
tank  and  its  contents  cool.  The  tank  shown  in  Plate  XIX,  A,  is 
also  fitted  with  a  relief  vent  (in  the  foregroxind)  which  permits  the 
escape  of  gas  through  a  water  seal  and  allows  air  to  be  taken  in,  as 
when  the  tank  is  being  emptied,  through  a  swing  check  valve  open 
to  a  pressure  from  without,  but  closed  to  pressure  from  within  the 
tank. 

Table  6  following  shows  the  results  of  tests  made  with  small  tanks 
of  lOO-barrel  capacity,  some  of  which  had  plain  sheet-iron  tops  and 
others  water  tops.  Each  water-top  tank  was  also  protected  with  a 
sheathing  of  1-lnch  boards  surrounding  the  sides  and  the  top  of  the 
tank  and  at  a  distance  of  about  18  inches  from  it.  The  use  of  these 
protective  devices  decreased  the  losses  by  evaporation  as  much  as 
14  per  cent. 
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Table  6. — Results  of  comparative  SO-day  tests  for  losses  in  plain-top  and  water-top  tanhn 

protected  vdth  sheathing. 

[Nominal  capacity  of  tanks,  100  barrels;  galvanized  iron;  9  feet  5|  inches  in  diameter;  7  feet  10}  inches  high 

16-ipage  iron.] 

TEST  1. 


Date  of 
test. 

Temper- 
ature of 
oil. 

Volume 
in  tank. 

Corrected 
gravity. 

Losses. 

Gravity. 

Barrels. 

Per  cent. 

Plain-top  tank: 

Test  started 

1915. 
Sept.  28 
Oct.   27 

op 

92 

84 

Barrels. 
92.57 
75.02 

23,4 
27.4 

•J?. 

Test  flniflhod        . 

Losses 

17.66 

19 

6.0 

Water-top  tank: 

Test  started 

Sept.  28 
Oct.   27 

86 
71 

93.72 
90.10 

33.6 
33.3 

Test  finished                    ,   , 

Losses 

3.62 

3.86 

.3 

Saving  by  use  of  water 
top 

13.93 

15.14 

5.7 

TEST  2. 


Plain-top  tank: 

Test  started 

1915. 
Nov.  17 
Dec.  17 

76 
54 

8L43 
72.44 

31.0 
26.8 

Test  finished    .    - 

Losses 

8.99 

11.04 

4.2 

Water-top  tiink: 

Test  started 1 

Nov.  17 
Dec  17 

71 
54 

82.44 
82.37 

30.0 
30.0 

Test  fi»iislMMi 

Losses 

.07 

.1 

.0 

Saving  by  use  of  water 
too 

8.92 

ia94 

4.2 

TEST  3. 


Plain-top  tank: 

Test  started 

1916. 
Aug.    8 
Sept.    8 

90 
90 

85.88 
73.70 

29.9 
25.7 

Tfl«t flnfahed -  r  -  --  - 

Losses 

12.18 

14 

4.2 

Water-top  tank: 
Tefft  started 

Aug.    8 
Sept.   8 

90 

78 

84.66 
84.66 

29.9 
29.8 

Te!?t  finished 

Losses 

.0 

.0 

.10 

Saving  by  use  of  water 
top 

12.  IS 

14 

4.1 

^^tr  •••..•••.•••.•-•••• 

Mean  Temperatures. 

Test  i.— Mean  temperatures:  7  a.  m.,  75.6**  F.;  12  m.,  101.2°  F.;  5  p.  m.,  80.7°  F.; 
average,  85.8°  F.  (average  temperature  not  strictly  accurate  as  no  midnight  tempera- 
ture was  taken). 

Test ;?.— Mean  temperatures:  7  a.  m.,  47.6°  F.;  1  p.  m.,  62.8°  F.;  5  p.  m.,  60°  F.; 
12  p.  m.,  50°  F.;  average,  55°  F. 

Test  J.— Mean  temperatures:  7  a.  m.,  90.8°  F.;  12  m.,  92.5°  F.;  5  p.  m.,  91°  F.; 
12  p.  m.,  72.3°  F.;  avwage,  86.7°  F. 


SPRINKLING  TANKS  WITH  WATER. 


Plate  XIX,  B,  shows  a  tank-sprinkUng  device  used  by  a  Pennsyl- 
vania company.  It  is  made  on  the  principle  of  a  lawn  sprmkler  and 
is  placed  on  the  roof  at  the  colter  of  the  tank.  During  hot  weather 
the  spraymg  device  is  kept  in  constant  operation.    The  water  on 
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leaving  the  roof  is  deflected  against  the  sides  of  the  tank  by  tb.e 
baffle  plate  shown  in' Plate  XIX,  C,  so  that  it  passes  in  a  film  over 
practically  the  whole  outside  surface  of  the  tank. 

GASOMETERS. 

Plate  IX,  B  (p.  18)  shows  a  type  of  gasometer  in  use  by  the  SKell 
Oil  Co.  of  California  for  the  collection  of  the  light  gases.    The  gas- 
ometer is  attached  to  a  battery  of  gasoline-storage  tanks  of  gas-tight 
construction.    Its  purpose  is  to  take  care  of  the  expansion  and  con- 
traction, owing  to  changes  in  temperature,  of  the  light  gases  filling 
the  space  between  the  surface  of  the  gasoline  and  the  tops  of  the 
tanks.    If  one  tank  in  the  battery  is  being  filled  while  another  is 
being  emptied,  the  function  of  the  gasometer  is  also  to  conserve  the 
gases  discharged  from  the  tank  being  filled.    Such  gases  ordinarily 
escape  into  the  atmosphere,  but  the  gasometer  causes  them  to  be 
returned  to  a  tank  being  emptied.    There  seems  no  reason  why  such 
a  system  could  not  be  applied  to  run-down  tanks,  and  the  like,  a  pro- 
vision being  made  whereby  any  surplus  gases  not  taken  care  of  by 
the  gasometer  could  be  drawn  off  and  condensed,  or  otherwise 
profitably  disposed  of. 

TILE-ENCASED  TANKS. 

Tile-encased  tanks  (Pis.  IX,  (7,  and  XX)  are  also  in  use.  This  type 
of  protection,  in  the  writer's  opinion,  would  be  much  more  effective 
if  some  type  of  casing  were  applied  to  the  roof  of  the  tanks  as  well 
as  to  the  sides.  The  method  of  protection  shown  in  Plate  XX  is 
said  by  the  users  to  reduce  evaporation  losses  4  to  6  per  cent.  The 
tile  used  is  ordinary  hollow  building  tile  such  as  is  used  in  modem 
building  construction. 

BUBTING  TANKS. 

Partly  or  wholly  burying  oil  tanks  in  the  ground  is  a  common  prac- 
tice among  some  refiners.  However,  the  ultimate  economy  is 
questionable,  as  depreciation  of  the  shell  from  soil  corrosion  may  be 
rapid,  and  leaks,  imless  relatively  large,  are  hard  to  detect  and  ex- 
pensive to  repair. 

CONCRETE  TANKS. 

Small  reinforced-concrete  tanks  (PL  XXI,  A,  J5,  and  C),  about  34 
feet  in  diameter  by  10  feet  high,  are  being  built  by  several  refineries 
in  various  parts  of  Oklahoma.  Each  of  these  tanks  has  a  capacity 
of  about  1,500  barrels  and  is  buried  in  the  ground  to  within  3  or  4 
feet  of  the  top.  The  roof  of  the  tank  is  4  inches  thick,  the  walls  8 
inches,  and  tiie  bottom  6  inches.  Tbe  roof  has  a  slope  from  the 
center  to  the  edge  of  about  1  inch  in  4  feet,  and  the  bottom  a  slope 
>om  the  side  walls  to  the  center  where  a  simip  4  feet  in  diameter  by 
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3  feet  deep  is  constructed.  A  swinging  pipe  can  be  lowered  into 
the  siunp  when  it  is  desired  to  drain  the  entire  contents  of  the  tank. 

After  the  forms  inside  the  tank  have  been  removed  from  the 
walls  and  bottom  these  surfaces  are  given  one  to  three  coats  of  neat 
cement.  When  this  has  thoroughly  dried,  several  coats  of  a  com- 
mercial oil-proofing  paint  are  applied. 

One  such  tank  has  been  in  use  by  an  Oklahoma  company  for  the 
storage  of  42^  B.  oil,  since  October,  1916.  So  far  the  tank  has 
given  complete  satisfaction  and  the  erection  of  additional  tanks  in 
the  near  futiu^  is  proposed. 

The  estimated  cost  of  concrete  construction  for  various  sizes  of 
tank  is  as  follows: 

Estimated  cost  of  various  sizes  of  concrete  tanks. 


Capacity 

Capacity 

of  tank, 

Cost. 

of  tank. 

Cost. 

barrels. 

barrels. 

250 

$500 

5,000 

13,900 

500 

776 

10,000 

7,500 

750 

1,000 

15,000 

10,000 

1,500 

1,750 

35,000 

15,500 

1,600 

2,000 

55,000 

18,000 

2,500 

2,600 

In  connection  with  the  use  of  undergroimd  concrete  tanks  for  the 
storage  of  oil  it  is  interesting  to  note  that  the  El  Paso  &  Southwestern 
Railroad  Co.,  at  various  places  along  its  system,  has  for  the  past  five 
years  been  storing  fuel  oil  of  24*^  to  38°  B.  in  circular  concrete  tanks 
about  12  feet  in  diameter  by  6  feet  deep.  The  bottoms  of  these  tanks 
are  8  inches  thick  and  the  sides  6  inches  thick,  and  each  tank  is 
covered  by  a  concrete  roof.  The  proportion  of  the  mix  is  1:2:4 
and  the  largest  rock  1  inch.  The  aggregate  is  thoroughly  mixed,  and 
care  is  taken  that  when  it  is  placed  in  the  forms  it  is  well  tamped  and 
all  air  bubbles  thoroughly  worked  out  so  as  to  insiu'e  as  dense  a  con- 
crete as  possible. 

Tanks  that  have  been  in  use  five  years  have  been  examined  inside 
and  out  but  no  signs  of  leakage  were  discovered.  At  present  the 
company  has  12  such  tanks,  and  their  adaptability  to  oil  storage  has 
proved  so  satisfactory  that  more  are  in  process  of  construction.  No 
oil  or  waterproofing  compoimds  are  used. 

A  local  company  at  San  Antonio,  Tex.,  has  three  such  tanks,  but 
of  much  greater  capacity  (180,000  to  400,000  gallons)  in  which  oils 
ranging  in  gravity  from  15°  to  30°  B.  have  been  stored.  One  of  these 
tanks  has  been  in  use  1 2  years.  It  was  emptied  recently  and  examined 
inside  and  out  but  no  signs  of  leakage  were  f oirnd.  The  mix,  as  for 
the  El  Paso  tanks,  is  1:  2:  4  and  the  coarsest  aggregate  1-inch  rock. 
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At  present  a  fourth  tank  is  being  constructed.  This  will  havo  & 
diameter  of  61  feet  6  inches,  a  depth  of  18  feet,  and  a  capacitjr  o£ 
about  400,000  gallons.  The  bottom  will  be  17  inches  thick  and  t>lio 
sides  2  feet  at  the  bottom  tapering  to  1  foot  at  the  top;  all  heavil^r 
reinforced  with  steel  rods.  No  oil-proofing  compoimds  are  used  ixi 
any  of  these  tanks. 

A  local  electric  company  at  St.  Helena,  Cal.,  built  a  rectangular 
reinforced-concrete  tank  in  1911.    This  tank  is  16  feet  long,  14  feet 
wide,  and  5i  feet  deep,  haying  a  capacity  of  approximately  lO,OO0 
gallons.    The  bottom  is  20  inches  thick  and  the  ^es  8  inches  at  the 
bottom,  tapering  to  5  inches  at  the  top.    Both  the  sides  and  the  bot- 
tom were  reinforced  with  steel  rods.    At  the  time  the  tank  was  con- 
structed it  was  coated  inside  with  a  solution  of  sodium  silicate. 
However,  after  18  months  of  service  the  coating  had  become  prac- 
tically useless.    The  tank  at  this  time  was  examined  inside  and  out- 
side by  digging  pits,  but  as  no  leakage  was  f oimd  no  fiu^ther  attempt 
at  oil  proofing  was  made.    Since  that  time  the  tank  has  been  con- 
tinually in  service  for  the  storage  of  oil  varying  in  gravity  from  15® 
to  26**  B.    The  roof  of  this  tank  is  made  of  wood  covered  with  roofing 
paper.    As  a  means  of  lessening  evaporation  losses  and  providing  a 
run-off  for  rain  water,  as  the  wooden  roof  is  practically  flat,  a  second 
corrugated-iron  roof  of  proper  pitch  has  been  constructed  about  3 
feet  above  the  first  roof,  allowing  free  circulation  of  air  between  the 
two. 

A  refining  company  at  Port  Smith,  Ark.,  has  two  small  rectangular 
reinforced-concrete  tanks,  one  10  by  14  by  6  feet,  and  the  other  8  by 
10  by  6  feet,  which  have  been  successfully  used  for  the  storage  ol  oils 
up  to  40®  B.  for  the  past  seven  years.    There  is  nothing  unusual  in 
the  construction  of  these  tanks  except  that  they  were  made  of  care- 
fully selected  aggregate  well  mixed  and  thoroughly  tamped.    No 
oil-proofing  materials  were  used. 

A  large  oil  company  at  Tulsa,  Okla.,  has  recently  completed  a  con- 
crete reservoir  about  200  feet  square  by  24  feet  deep.  The  walk  of 
the  bottom  12  feet  have  a  slope  of  about  1:1,  and  are  supported  by 
the  natural  earth  backing,  whereas  the  walls  for  the  remaining  12 
feet  are  vertical  and  backed  by  the  excavated  earth.  The  reservoir 
has  a  concrete  roof,  built  on  much  the  same  principle  as  the  floor  of  a 
modem  class  A  building.  The  intention  is  to  keep  the  roof  of  this 
reservoir  covered  by  2  feet  or  more  of  water  and  to  allow  the  water 
to  percolate  down  through  the  earth  along  the  outside  of  the  concrete. 

The  table  following  shows  a  list  of  companies  that  are  using  small 
concrete  containers  for  the  storage  of  oil,  also  the  kmd  of  oil  stored, 
and  whether  the  container  has  proved  satisfactory. 


, .  1 


a    COMPLETED  TANK. 
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PAINTINO  TANKS  LIGHT  GOLOBS. 


Many  oil  operators,  espedally  throughout  the  eastern  and    tlie 
middle  western  fields,  have  adopted  white  or  light-colored  paints  for 
storage  tanks.    It  is  reported  that  tests  have  demonstrated   tli&t 
evaporation  from  tanks  painted  white  averages  about  1  to  1^  per  ceixt 
less  than  from  tanks  painted  red,  and  about  2i  per  cent  less  than  from 
tanks  painted  black.    These  figures  have  not  been  verified,  but  tests 
made  by  the  Institute  of  Industrial  Research  ^  show  that   dark- 
colored  paints  absorb  heat  to  a  considerable  d^ree,  and    paints 
presenting  a  highly  glossy  surface  are  less  absorptive  of  thermal 
rays  than  those  presenting  a  matte  surface. 

Experiments   were   conducted  wherein  small   tanks   containing^ 
benzine  were  painted  in  various  colors  (gloss  finish)  and  then  sub- 
jected to  the  rays  of  a  powerful  arc  light  for  15  minutes.    At  the 
end  of  that  period  the  rise  in  temperature  of  the  benzine  was  as 
follows: 

Rise  in  temperature  of  benzine  stored  in  tanks  of  various  colors. 

Rkein 
Color  of  paint  or  oovering.  umpcfitture^ 

•F. 

Tin  plate  (tank  plated  with  tin) 19. 8 

Aluminum  paint 20. 5 

White  paint 22.5 

Lig^t-cream  paint 23.0 

Ught-pink  paint 2a  7 

Light-blue  paint 24. 3 

Light-gray  paint 2d  3 

Light-green  paint 26.6 

Red  iron  oxide  paint ^-7 

Dark  pruasian  blue  paint 36.7 

Dark  chrome  green  paint 39.  P 

Black  paint HO 

Tin  plating  and  aluminum  paint,  as  will  be  seen,  gare  the  best 
results.    Howerer,  neither  of  these  finishes  is  practicable  for  outside 
work,  as  iron  coated  with  tin  corrodes  rapidly,  and  almninum  paint 
soon  loses  its  gloss  and  becomes  flaky.    The  rise  in  temperature  of 
the  benzine  in  the  tank  painted  black  was  31.6^  F.  greater  than  the 
rise  in  the  tank  painted  white,  or  140  per  cent.    Although  results 
such  as  obtained  by  these  laboratory  experiments  could  not  be 
expected  in  actual  practice,  there  is  imdoubtedly  a  decided  advantage 
to  be  gained  by  painting  storage  tanks  white.  

a  Oaidner,  H.  A.,  The  heat-refleoting  properties  of  colors  applied  to  ofl  and  gwstonge  tonto:  ClraiJtf 
a,  Paint  Mtg.  Aasn.  of  U.  S.,  Kdnflational  Bureau,  SoL  sec,  January,  1017,  p.  1. 
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COHPXJTIVO  VOLITME  OF  TAVES  AVD  BESEBVOIBS  AVD 

FKEPASDTG  GAGE  TABLES. 

METHODS  OF  OBTAXNING  FIELD  DATA  BEOABDINO  TANKS. 

The  methods  used  by  the  various  oil  companies  in  obtaining  the 
data  necessary  for  computing  the  volumes  of  oil  tanks  and  reservoirs, 
and  for  preparing  gage  tables  are  practically  the  same,  differing  only 
in  minor  detaib.  As  regards  steel  tanks  there  is  much  discussion 
as  to  just  how  many  circumference  measurements  are  necessary  for 
accurate  work.  Some  companies  take  only  two  (for  a  6-ring  tank), 
the  lower  one  being  at  the  middle  of  the  second  ring  and  the  upper  as 


FiouBE  3.— Points  between  which  yaiious  measurements  for  height  of  sheets  apply. 

near  as  practicable  to  the  middle  of  the  top  ring.  Other  companies 
'' strap  "^  above  each  seam,  and  take  one  measurement  6  inches  below 
the  top  of  the  tank,  and  one  near  the  bottom  just  above  the  bottom 
row  of  rivets.  However,  it  has  been  foimd  that  in  measuring  steel 
tanks  of  standard  size  a  surprisingly  small  variation  in  results  will 
be  obtained  if  circumference  measurements  are  taken  on  each  ring, 
or  if  only  the  top  and  bottom  rings  are  measured  and  the  circumference 

aA  term  In  general  nae  among  oil  operators,  originally  meaning  the  girthing  of  tanks  wHh  a  measoring 
tape,  bat  In  modem  dlotkm  InehideB  the  whole  opantion  of  obtaining  the  neceeeary  field  data  for  com- 
puting the  vohune  of  tanks  and  other  fluid  reoeptaoles. 
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of  the  others  computed.  On  the  other  haud,  tanks  on  poor  foiinH «. 
tious  causing  them  to  be  "out  of  round"  and  producing  bulging 
uneven  sides  may  require  a  large  number  of  measurements  to  insuro 
accuracy.  Although  it  is  difficult  to  lay  down  any  fixed  rules  tlia.1i 
will  apply  to  all  claases  of  tanlis  it  is  believed  that  ^e  foUowing  form 
of  field  notes  includes  suffituent  data  for  reasonably  accurate  results. 
A  55,000-barrel  tank  baa  been  assumed  in  which  the  roof  supports 
consist  of  wooden  posts  tied  together  with  sway  bracing  and  rastiztg 
on  footing  blocks,  as  this  b  the  most  comphcated  form  of  construction 
so  far  as  volimietric  computations  are  concerned.  The  points  between 
which  the  various  measurements  for  height  of  sheets  apply  are  sho'wn 
in  figure  3. 

rOS  OOKPDT- 
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Footing  blocka: 

Outside  circle  poots,  23  plecea,  2  inchee  by  8  iachea  by  2  feet.    Bottom  of  lank  to 

2  inches. 
Third  circlo  poets,  12  pieces,  2  ischea  by  8  incbee  by  2  feet.    Bottom  of  t»iik  to 

2  inchea. 
Third  circle  potla,  2  pieces,  2  inches  by  8  inchea  by  2  feet.    Bottom  of  tanifiW 

2  inches  to  4  inches. 
Second  circle  poets,  10  pieces,  2  inches  by  8  inches  by  2  tcet.    Bottom  of  l*ok  to 

2  inches.  , 
Cenlcrcircleposts,  apiecee,  2inche6by8inchesbyl21feet.    Bottom  of  tank  to 

2  inches. 
Center  drde  parte,  2  pieces,  2  inches  by  8  inches  by  12i  feet.  BollomoftM*. 

from  2  inches  to  4  inches. 
Bottom  ties;  ^^ , 

Outfdde  drela  poets,  2  pieces,  2  inches  by  8  inches  by  15  feet  i  iwiM.  J™"  * 

indiee  to  12  inches. 
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Bottom  tieB-Oontinued. 

Third  circle  posts,  1  piece,  2  inches  by  8  inches  by  16  feet  8  inches.    From  6 

inches  to  14  inches. 
Second  circle  posts,  2  pieces,  2  inches  by  8  inches  by  15  feet.    From  2  inches  to 
10  inches. 
Swing-pipe  rest: 

1  piece,  li  inches  by  8  inches  by  13  feet.    From  12  inches  to  20  inches. 

2  pieces,  1)  inches  by  8  inches  by  20  inches.    From  2  inches  to  20  inches. 

2  pieces,  2  inches  by  8  inches  by  24  inches.    From  bottom  of  tank  to  24  inches. 
2  pieces,  1)  inches  by  8  inches  by  20  inches.    From  23  inches  to  24)  inches. 
Sway  bracing: 

Outside  circle  posts,  48  pieces,  1  inch  by  6  indies  by  24  feet.    Fnmi  3  feet  to  21 

feet  8  inches. 
Third  circle  posts,  30  pieces,  1  inch  by  6  inches  by  23  feet.    From  3  feet  to  20  feet 

5  inches. 
Second  circle  posts,  20  pieces,  1  inch  by  6  inches  by  22  feet.    From  3  feet  to 

22  feet. 
Center  circle  posts,  4  pieces,  1  inch  by  6  inches  by  18  feet  6  inches.    From  4 

inches  to  14  feet. 
Center  circle  posts,  4  pieces,  1  inch  by  6  inches  by  18  feet.    From  4  inches  to  13 

feet  5  inches. 
Center  circle  posts,  2  pieces,  2  inches  by  8  inches  by  14  feet  6  inches.    From   13 
feet  5  inches  to  14  feet  1  inch. 
Girders: 

Outside  circle  posts,  24  pieces,  5  inches  by  12  inches  by  15  feet.    From  28  feet  6 
inches  to  29  feet  6  inches. 
Knee  braces: 

Outside  circle  posts,  12  pieces,  2  inches  by  8  inches  by  6  feet.    Froim  24  feet  5 

inches  to  28  feet  6  inches. 
Third  circle  posts,  16  pieces,  2  inches  by  8  inches  by  6  feet.    From  27  feet  4  inches 

to  top  (45**). 
Second  circle  posts,  10  pieces,  2  inches  by  8  inches  by  6  feet.    From  28  feet  6  inches 
to  top  (45«»). 
Posts: 

Outside  circle,  24  pieces,  6  inches  by  6  inches.    From  4  inches  to  28  feet  4  inches. 
Third  circle,  16  pieces,  6  inches  by  6  inches.    From  4  inches  to  top. 
Second  circle,  10  pieces,  6  inches  by  6  inches.    Fnmi  2  inches  to  top. 
Center  circle,  4  pieces,  6  inches  by  6  inches.    From  4  inches  to  top. 
Bafters:  120,  2  inches  by  8  inches. 

Distance  from  bottom  of  tank  to  bottom  of  rafter  at  center  of  tank,  86  feet  6  inches. 
Top  of  rafter  at  shell  flush  with  top  of  top  angle  iron. 
Manhole,  23}  inches  in  diameter  by  6  inches  deep.    Bottom,  20  inches  above  bottom 
tank. 

HBTHODS  OF  HBASUBINO. 

The  outside  measurements  should  be  taken  in  feet  and  hundredths, 
the  most  convenient  form  in  which  to  have  the  data  for  computations. 
Measurements  of  deadwood,  by  which  is  meant  all  material  inride  the 
tank  that  displaces  oil,  such  as  roof  supports,  blocking,  steam  coils, 
and  water  draw-off  pipes,  are  usually  more  conveniently  takefl  in  feet 
and  inches,  as  the  parts  mentioned  usually  consist  of  standard-sized 
timbers  and  pipes. 

The  circumference  measurements  are  taken  as  nearly  as  possible  in 
the  center  of  each  course  with  the  exception  of  courses  4  and  5  (oount- 
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ing  from  the  bottom  upward) ,  which  can  be  more  accurately  calculated 
by  uxterpolating  between  the  girths  of  courses  3  and  6  than  by  actual 
measurement.  The  circumference  of  the  top  course  is  taken  by 
reaching  down  over  the  eaves  of  the  tank,  the  tapeman  lying  face 
down  on  the  roof. 

If  possible,  inside  measurements  should  be  taken  before  any  oil  is 
put  into  the  tank.  Outside  measurements  should  be  taken  when  the 
tank  is  full  of  oil. 

After  one  set  of  dimensions  has  been  taken  it  is  checked  by  taking 
a  second  set  in  exactly  the  same  manner.  The  maximum  permissible 
difference  in  these  two  sets  of  measurement  should  not  be  more  than 
1  in  10,000. 

HBANINO  OF  TEBMS. 
HEIGHT  OF  TANK. 

The  height  of  a  tank  for  strapping  purposes  is  the  distance  between 
the  top  of  the  bottom  plate  of  the  twk  and  the  top  of  the  horizontal 
leg  of  the  top  angle  iron. 

HORIZONTAL  SEOBiENT. 

By  the  horizontal  segment  is  meant  the  part  of  the  tank  shell,  less 
the  vertical  lap,  which  encroaches  on  the  area  inclosed  by  a  circle,  the 
plane  of  which  is  parallel  to  the  tank  bottom  and  the  diameter  of 


y^>?//ytf  .T^fqg.. 


FiouBE  4.— Horisontal  segment. 

which  is  equal  to  the  inside  diameter  of  the  tank.  The  hatched  part 
in  figure  4  shows  the  horizontal  segment,  which  is  approximately 
equal  in  area  to  the  triangle  made  by  the  tape  and  the  tank  shell. 
The  horizontal  segment  is  not  considered  at  all  by  many  operators 
and  by  others  is  used  only  when  very  accurate  results  are  required. 

THICKNESS  OP  SHEETS. 

The  thicknesses  of  the  sheets  in  the  various  rings  can  usually  be 
most  accurately  and  most  easily  determined  from  the  specifications 
of  the  tank. 

DEADWOOD. 

The  swing  pipe  and  fittings  and  the  water  draw-offs  in  the  bottom 
of  the  tank  are  usually  omitted  for  the  reason  that  they  are  elwAys 
full  of  oil  or  water  whenever  a  gage  of  the  tank  is  taken,  and  the 
metal  of  which  they  are  composed  will  at  most  displace  only  a  small 
volume  of  liquid.    To  guard  against  the  possibihty  of  the  swing  pipe 
being  empty  or  only  partly  filled  when  a  gage  of  the  tank  is  taken, 
some  companies  install  on  the  shell  of  the  tank  about  2  feet  bom  the 
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swing-pipe  nozzle  a  2-inch  flai^e  having  its  center  line  on  approxi- 
mately the  same  horizontal  plane  as  the  center  line  of  the  nozzle. 
A  2-inch  pipe  connection  containing  a  valve  is  then  placed  between 
this  flange  and  the  nozzle,  so  that  oil  may  be  admitted  from  a  point 
near  the  bottom  of  the  tank  into  the  bottom  of  the  swing  pipe  when- 
ever desired.  Sand  lines  are  also  omitted.  However,  if  there  are 
steam  coils  in  the  tank,  their  volmne  must  be  deducted. 

MANHOLE. 

The  dimensions  of  the  manhole  should  be  determined,  as  also  its 
position,  as  the  volimie  of  oil  that  it  contains  must  be  added  to 
the  volimie  of  the  tank. 

0OBBUGAT£I>-IBON  AND  WOODEN  TANKS. 

As  regards  corrugated-iron  tanks,  which  are  usually  of  small 
diameter,  the  circumference  measurements  are  obtained  with  the 
tape  lying  in  the  valley  of  the  corrugation.  The  depth  of  the  corru- 
gation and  the  distance  between  corrugations  are  noted. 

In  strapping  wood^i  tanks  with  sloping  sides,  the  thickness  of  the 
staves  is  taken  at  a  nimiber  of  places  about  the  circiunference,  and 
an  average  thickness  determined.  The  height  is  obtained  by  placing 
a  gage  rod  inside  the  tank  and  measuring  the  vertical  height  to  the 
top  of  the  staves.  The  circiunference  strappings  are  taken  at  inter- 
vals of  2  feet,  measured  along  the  slope  of  the  tank,  beginning  6 
inches  from  the  bottom. 

C0MFT7TIKO  OAGE  TABLES  FOB  TANKS. 

From  the  circumference  of  each  course  the  outside  diameter  of  that 
course  is  computed,  and  by  subtracting  twice  the  thickness  of  the 
metal  the  inside  diameter  is  determined,  giving  a  value  from  which 
the  gross  area  of  the  course  is  determined.  From  this  is  subtracted 
one-half  the  area  of  the  vertical  laps  and  the  area  of  the  horizontal 
segments,  giving  the  net  area  (plus  the  deadwood).  As  the  circiun- 
ference is  measiured  approximately  in  the  center  of  the  sheet,  the 
net  area  value  is  considered  to  be  a  mean  area  for  the  course. 

The  volume  in  barrels  per  course,  including  the  deadwood,  is  then 
calculated  and  the  volume  in  barrels  per  one-fourth  inch  per  course. 
Next  the  volume  of  the  deadwood  per  course  is  determined  and  the 
volume  of  the  deadwood  per  one-fourth  inch  per  course.  Then  a 
table  is  prepared  showing  the  quantity  in  barrels  to  be  added  for 
each  one-fourth  of  an  inch  proceeding  from  the  bottom  of  the  tank 
upward.  The  construction  of  the  gage  table  then  resolves  itself  into 
the  summation  of  the  proper  increments.  If  it  were  desired  to  have 
the  gf^e  table  read  to  one-eighth  inch  the  same  method  of  computa- 
tion would  be  pursued.  In  buying  and  selling  crude  oil  it  is  customary 
to  read  the  gage  tape  to  the  nearest  one-eighth  of  an  inch  and  inter- 
polate in  the  table  to  find  the  correct  volume. 
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Eadi  step  in  the  oompatatioiiB  should  be  eaiefadly  diedced* 
fooiih  inch  totals  most  equal  totak  for  eouiaes  cak^ted  by 
tracting  the  volume  of  the  total  deadwood  in  the  oourae  bwx  tbe 
total  Yoluine  of  the  course,  and  totals  of  couises  must  agree  with.  & 
separate  computation  for  the  whole  tank  in  which  figures  for  total 
tank  volume  and  total  deadwood  are  used. 

As  a  final  check  on  the  whole  work  a  seccMid  man  is  required  to 
make  an  independent  calculation  not  quite  so  complete  as  the  first 
but  one  that  must  check  the  total  contents  of  each  course  and  the 
total  contents  of  tiie  tank.  Gage  taUes  are  made  to  read  to  the 
nearest  one-hundredtii  of  a  barrel. 

BBSBBVOnt  MBASXTBEXSNT  AND  TABIDS. 

For  the  convenience  of  tiie  gager  a  small  hatdi  is  placed  in  the 
roof  of  the  tank,  usually  near  the  head  of  the  stairway.    Hie  gage 
tape  is  suspended  throu|^  the  hatch  into  the  open  tank.    However, 
as  regards  reservoirs,  it  is  customary  to  set  what  is  known  as  a  gage 
plate  at  some  convraii^it  place  as  close  as  practicable  to  the  lowest 
point  in  the  bottom  of  the  reservoir  and  to  take  all  measurements 
for  depth  of  oil  from  this  plate.    It  comprises  a  steel  plate  about 
i  inch  thick  and  3  feet  square,  which  is  set  with  foundation  bolts 
and  carefully  leveled  and  grouted.    This  woik  is  dona  as  the  part  of 
the  floor  in  that  vioinity  is  being  constructed  so  that  it  becomes  an 
integral  part  of  the  lining.    Some  companies  use  a  smaller  gage  plate 
and  place  on  it  a  vertical  pipe  4  to  10  inches  in  diameter  <^  suffioi^t 
length  to  extend  out  throu^  the  roof  of  the  reservoir.    The  walls 
of  the  pipe  are  perforated  or  slotted,  and  the  top  is  fitted  with  a  cap. 
Measurements  for  depth  of  oil  are  then  taken  throu^  the  pipe. 

TESTINQ  QAOE  PLATE. 

One  of  the  first  duties  of  the  field  or  constouotion  engineer  in 
procuring  the  data  necessary  for  the  preparation  of  a  gage  table  for 
the  reservoir  is  to  examine  carefully  the  gage  plate  emd  deteimne  / 

whether  all  the  foundation  bolts  are  tight,  and  whether  the  plate 
has  been  property  grouted  and  has  not  sprung  at  any  point,  but  is 
absolutely  level  over  its  entire  surface.    Tlie  following  infoimation         ; 
should  then  be  procured :  ' 

NBCB88ABT  MBA8URBMBNT8  IN  TEOTINO  OAOB  PLATB.  | 

1.  The  diameter  at  the  toe  of  the  inner  slope." 

2.  The  diameter  at  the  top  of  the  inner  slope."  | 

3.  The  elevation  of  the  gage  plate. 

4.  The  elevation  of  a  sufficient  number  of  points  on  the  bottom 
so  that  an  accurate  contour  map  may  be  plotted,  the  contour  interval 
of  which  should  be  not  more  than  one-fourth  of  an  inch. 

•  Tba  nKManiint  sbooM  b«  taken  in  as  Mtfiy  placet  aa  ponibie  aod  M^ 
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5.  The  dimensions  of  all  footings,  posts,  braces,  and  other  dead- 
wood  as  outlined  for  tank  strappings.  ^ 

4.  The  location  and  the  size  of  the  sump  containing  the  swing 
pipes  and  water  draw-off  pipes. 

OOBfPUTINO  GAGE  TABLE. 

From  the  elevation  of  the  points  on  the  bottom  of  the  reservoir 
a  contour  map  of  one-fourth  inch  interval  is  plotted  and  from  this 
the  gross  content  up  to  the  gage  plate  is  computed.  To  this  is 
added  the  volume  of  the  sump  and  from  the  sum  is  subtracted  the 
volume  of  the  deadwood  up  to  the  plane  of  the  gage  plate.  The 
net  amount  thus  obtained  gives  the  content  of  the  reservoir  up  to 
0  feet  0  inches  on  the  gage  table. 

If  the  gage  table  is  to  read  to  one-eighth  of  an  inch,  as  is  usually 
the  case,  the  content  is  computed  in  a  similar  manner  proceeding 
by  eighths  of  an  inch,  up  to  the  point  where  a  horizontal  plane  will 
cut  the  side  slopes  of  the  reservoir.  From  this  point  to  the  top  the 
volume  is  comjmted  at  one-eighth  inch  intervals,  the  reservoir  being 
considered  as  a  f rostrum  of  a  cone,  deadwood  being  deducted  as  in 
the  tank-table  computations. 

Gage  tables  are  made  to  read  to  the  nearest  one-hundredth  of  a 
barrel.  Volumes  for  fractions  of  an  inch  less  than  one-eighth  are 
obtained  by  interpolation. 

DEPBECIATIOV  OF  OIL  IV  STOSAGE. 

Table  7  shows  comparative  results  of  distillations  of  various  fresh 
crude  oils  and  oils  from  the  same  fields  after  being  in  storage  for  a 
period  of  years.  The  table  indicates  that  practically  every  oil 
showed  a  considerable  loss  in  the  total  proportion  distilled  from  the 
stored  liquid  and  that  this  loss  reached  its  maximimi  at  an  end 
point  of  about  160°  C. 

Table  8  shows  comparative  results  of  tests  on  fresh  and  stored 
heavy  California  crude.  The  ultimate  test  showed  that  this  low- 
gravity  oil  althou^  having  remained  in  storage  for  a  period  of  six 
years  seemingly  had  not  lost  in  fuel  value. 

Althou^  the  samples  of  fresh  and  stored  oil  were  taken  from  the 
same  fields  and  as  nearly  as  possible  from  the  same  wells,  the  fresh- 
oil  samples  were  not,  unfortunately,  taken  and  analyzed  at  the  time 
the  oil  was  put  in  storage;  on  the  contrary  they  were  taken  from  the 
wells  at  the  end  of  the  storage  period.  The  fact  that  the  composi- 
tion of  oil  produced  by  a  given  field  often  changes  somewhat  from 
time  to  time  may  account  for  seeming  discrepancies  in  some  of  the 
figures. 

•  Atngvds  arMWQlr,  hawewr,  on  •oooont  of  the  dope  to  the  bottom,  the  exact  loeatloo  of  the  dead- 
wood  must  also  be  detemdiied. 
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Freeh  crude. 

Crude  stored  for  6  yeaiB. 

FiBOttODS,  per  cent 
by  weight 

LosBtn 

Temper- 
atuxe. 

Frao- 

tlonsyper 

cent  DT 

weight. 

Total 
percent 
distiUed. 

Gravity. 

Frao- 

tioii8,per 

cent  DT 

weight 

Total 
percent 
diaimed. 

Gravity. 

LO0B. 

Gain. 

total  pro- 
portion 
distilled. 

I5?toi76.. 

m  to200.. 

1.0 
1.4 
2.1 
8.4 
5.4 

1.0 
2.4 
4.5 
7.9 
13.3 

•B. 

88.2 

81.8 
30.8 

0.7 
1.1 
2.1 
3.8 

4.8 

0.7 
1.8 
8.9 
7.2 
13.0 

•B. 

87.0 

3L8 
39.8 

0.8 
.8 
.0 
.1 
.6 

Per  cent 
0.3 

.8 

200  to  225.. 

.8 

225  to  250.. 

.7 

360  to  275.. 

1.8 

ULTIMATE  TEST. 

OIL 

Grav- 
ity at 
60*  F. 

Vi»- 
cosity 
30*  C. 

Heat- 

vahie 

pound. 

Water. 

Sul- 
phur. 

Sand. 

Ftosh 
_point, 
FBoaky- 
ICartens 

tester, 
dosed. 

Burning 
point, 

misky- 

Ifortens 
tester. 

opened. 

• 

Bemaiks. 

Fkesh 

•B. 
14.3 

14.0 

o3S 
737 

B.  t. «. 
18,493 

18,633 

Peret. 
0.6 

.6 

PereL 
a79 

.86 

PereL 
None.. 

..do... 

•F. 
188 

314 

•F. 
835 

318 

Very  viscous  at 
32*  F. 
Do. 

Stored  6  yean. . . 

b£sxt][£. 

la  snmmiBg  up  it  is  well  to  repeat  that  the  best  all-arotmd  contamer 
in  use  at  the  present  time  for  storing  oil  is  the  aU-steNel  tank  of  gas- 
tight  construction. 

Tanks  that  are  used  for  the  accumulation  of  fresh  oils  from  the 
weU  should  invariably  be  of  this  construction,  and  as  a  rule  it  will 
probably  pay  to  equip  them  with  water-seal  tops,  if  not  also  with 
some  form  of  tile  encasing  or  lagging. 

Other  devices  for  lessening  the  temperature  of  the  oil  in  the  tanks 
that  can  be  cheaply  applied  and  economically  maintained,  such  as 
sprinkling  with  water  in  hot  weather  and  painting  the  tanks  white, 
are  worth  while. 

To  store  gasoline  or  light  distillate  in  tanks  that  have  not  ti^t 
tops  is  the  height  of  foUy,  and  it  is  poor  judgment  not  to  use  also 
some  type  of  cooling  device. 

Large  concrete-lined  reservoirs,  as  at  present  constructed,  should 
not  be  used  for  the  storage  of  fresh  oils  or  of  light  oils. 

It  will  pay  to  line  a  reservoir  with  concrete  even  thou^  heavy  oil 
only  is  to  be  stored. 

Li  most  cases  it  would  probably  also  pay  to  put  a  concrete  roof 
on  the  reservoir  and  cover  it  with  earth — at  least  such  a  type  of 
structure  is  worthy  of  consideration,  no  matter  what  the  gravity  of 
the  oils  to  be  handled. 
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Concrete,  if  properly  proportioned,  mixed,  poured,  tamped,  aixd 
floated,  can  be  made  impervious  to  heavy  oils  without  the  additioxx 
of  so-called  "oil-proofing"  compounds. 

Contrary  to  popular  engineering  opinion,  expansion  joints  are  not> 
necessary  in  properly  constructed  concrete  linings  for  oil  reservoirs 
in  temperate  climates,  and  no  injury  will  result  to  the  linings  fronoi 
their  omission  if  the  reservoirs  be  kept  reasonably  full  of  oil,  or  i£, 
when  the  tanks  are  not  in  use,  they  are  kept  partly  filled  with  watei*. 

If  crude  can  be  refined  at  any  profit,  it  should  be  put  through  tho 
refinery  as  soon  as  possible  aiter  it  is  taken  from  the  wells.  I£ 
refining  will  not  pay,  the  period  of  storage  should  be  as  short  as 
possible  because,  so  far  as  the  oil  is  concerned,  at  best,  each  day  ot 
storage  will  entail  a  loss. 
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